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BEHAVIOR AND THE ALKALI METALS SILICATE GLASSES») 
According X-ray information; neither free 
oxides, nor definite structural groups containing two Me* fons and 
are present glasses. general, discrete molecules are absent 
from the structure glasses. However, admitting that glasses are ionic 
systems which there are free oxide molecules, still consider very 
express their composition terms oxides and study the 
partial properties these oxides though they were components. This question 
has already discussed detail earlier paper [1]. there described 
method calculating partial properties the components and 


results obtained for the partial properties silica 
2? 


put forward empirical Equations (6), (7), (8) basis this 
equations permitted the approximate calculation the partial 
properties silica glasses function their content: this 
involved the that these equations are correct for all silicate 
glasses. This assumption close the truth for properties such 


least for practical purposes. 


calculated the values the partial properties the 
difference, with the aid Equation (4), preferably from binary 


systems using known values more those found from 


Equations this way found partial properties which are not the 
strict thermodynamic but are approximate averaged partial values 


However, the great diversity composition 
such approach the solution the 


The results the are presented graphically Figs. 
which are appended the sources from which the experimental material for 
the calculations have been drawn. synthesized number the glasses. Along 
the ordinate are plotted the values the various partial properties, 
characteristic the oxides the glasses, and along the absicissa are plotted 
the oxide contents the glasses, percentages. 


dealing with the investigstion the between the 
and composition glasses. 
For the calculation the values used the results the investi- 

gation not only binary systems, but also more ones. the latter 

case these values were calculated after the average values were found for all 
the other oxides entering into the composition the system under 

(These are presented later papers). 
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Fig. can seen that each the values (apart from 


The 
The solid lines relate 


expressed terms two average numerical values. 
relate points found for the binary systen 
points for three-component more complicated systems. 


group the points for the average partial properties and 


likewise into two lines (Figs. and although the difference between them 
not great. Points are shown only for binary systems (dotted lines). The 

solid lines, representing the partial properties the oxides and 

three-component and more complicated systems, are drawn without indicating the 


points. 


Fig. values the partial Fig. Approximate values thé 
properties lithium oxide silicate partial properties sodium oxide 
glasses. silicate glasses. 


Waterton and Turner [10]; Fink [4]; Peddle Turner 
Hatch, and Winks [4]; Schmidt, Finn and 
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each the values for the alkaline earth oxides can, the najority 
cases, expressed satisfactorily one and the same average constant figure, 
more less independent the nature the alkali oxide present. 


Consequently, the question arises whether such division the partial 


The solid lines the figures correspond the values which 
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properties the alkali oxides has real basis, whether only based 


The following facts should serve answer this question. 
- 52% 


The two-component potash-silica 

glasses have higher refractive in- 

dex than soda glasses the same 

molecular composition. The same 

true for the density these glasses, 

though over narrower range con- 


component glasses where the third 
ponent element higher valency 
the relation between these properties 
inverted. The refraction index 
and the density potash glasses are, 
rule, lower than those the 
corresponding soda glasses (Table 1). 
This rule applies also the more 
complicated glasses. 


Thus, the relationship 
the properties and composition 
complex glasses differs from that 
binary systems the type 
Fig. Approximate values the partial result the com- 
properties potassium oxide silicate plication the composition, there 


glasses. considerable change the partial 


105 properties the components 
binary systems. Strictly speaking, 


quite small, and possible 
simplify the saying that the change due the introduction the 
third component exerted only the alkali oxide. This certainly approxi- 
tation, but represents the actual state affairs large extent. 


The ability alkali oxides change their properties transferring from 
binaty more complex systems can demonstrated much more definite form 


many examples relative the chemical stability and electrical conductivity 


known that the alkali can extracted from binary silicates water 
ten times easily from complex glasses containing the same quantity 


alkali, but with one the oxides the divalent metals present. 


The doubly charged barium and calciun when present large concen- 
tration, can lower the mobility sodium ions, relative their ina 
by“a factor 100 more [2]. Thus not only but 
large change some partial properties alkali oxides, going binary 


more complicated system, can taken established. The cause this 
change has not yet deen explained. 


Characteristic the properties the alkali oxides glassy fall 
General straight lines parallel the abscissa. Strictly speaking, the 
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TABLE 
Comparison the Properties Lithiun, 


1.5341 1.5386 1.5594 1.5625 

Refractive index 1.5165 1.5131 1.5389 1.5478 

2.455 2.539 2.850 

2.458 2.435 2.550 2.798 

linear 101.1 102.7 113.8 122.0 
pension 107.2 115.4 123.3 


The average coefficient linear expansion the glasses containing 
PbO was determined over the range 20-350°. 


observed scattering the points, the tendency which they show some 
deviation from the parallel lines, particular the system 

explained not only terms experimental error, but also 
some change the partial properties the oxides going from glasses one 
composition another. the role the second factor not large, since 
the deviation the points from the straight lines corresponds very small 
change the properties the glass. can taken that, within the 
limits one group systems (binary more complex), the properties the 
oxides glasses examined remain comparatively stable within definite, but 


The comparative stability the properties alkali oxides complicated 
glasses confirmed well series cur own experiments. have shown 

that the properties, for example the molar refractive indexes np, three- 
component glasses different molar compositions are compared, the figure for 
potash glass is, rule, somewhat smaller than that for soda glass, and the 
‘figure for the latter great deal less than that for lithia glass; soda 

glass has the highest dispersion, that for potash glass being smaller, 

and that for lithia glass intermediate between them. The density soda 
rule higher than the density lithia and potash glasses. The coefficient 
linear expansion lithia glasses, all cases, considerably less than that 
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TABLE 


Comparison the Properties Potassium 
and Sodium Silicate Glasses 


"Blank" 1.6668 "Blank" 
1.5359 1.5634 1.6465 1.5193 
1.5289 1.5541 1.6342 1.5150 1.6051 

981 1137 1898 
938 1096 1870 1621 
2.780 3.070 3.796 2.484 2.678 
2.727 2.990 2.602 
96.8 111.8 121.2° 83.4 88.0 
111.1 117.4 86.3 94.3 
110.5 119.0 123.6 90.0 


The average coefficient lineary expansion the 
soda while the difference between these coefficients for soda and 

glasses small. Potash glasses have only slightly larger 
linear expansion than soda glasses. 


exper imental data given Table 


From this table can seen that the difference between the 
lithia, soda and potash glasses usually the same order and sign. The 
similarity between these figures would still better there were not un- 
avoidable deviations the actual composition from the synthetic. Only the 
optical properties titania glasses are anomalous, and these will dealt 
with later. 


have examined above the properties three-component glasses, containing 
one alkali oxide. Those compositions which both soda and potash are pre- 
are great practical importance. The question arises 
whether the properties these compositions are intermediate between those 
the pure soda and pure potash compositions. Experiment shows that this 
Not always the case. With replacement one oxide was found 
Peddle [4], weak maximum formed the curve variation with compo- 
Sition. ‘We found similar state affairs relation the ccefficient 
linear expansion. Soda and potash glasses, from the series indicated Table 
were ground up, mixed the molar ratios 1:1 and then remelted. wasfound 
that the majority cases, such mixed glasses had higher coefficients 
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than the original glasses. Concrete cases are given Table 


Consequently, the curves variation with gradual replacement one 


alkali another, should pass through maxima. 
demonstrate that the earlier noted stability 
the partial properties the oxides glass limited significance. 
The data examined above relative the behavior and properties the 
alkali metal oxides silicate glasses are presented simple and convenient 
form where the partial properties the are given 
approximate averaged constant values. 


Approximate-average Values the Partial Properties the 
Alkali Metal Oxides Silicate Glasses 


Refractive Mean Mean Limits 


Tr 


Oxide Type glass expansion Content 


glass (in 


Complex 


Systen K20-Si0s. 
The values starred indicate the properties mainly 
the presence pure potash glasses the average values 
the somewhat different. For ratios lying inside the range 


The division the partial properties into two groups con- 
stant numerical characteristics should taken but 
theoretically simplified and approximate. When introducing increasing quantities 
third component (oxides the 2,3 and nts), the properties 
the oxide not. immediately, but gradually, according definite 
law which has still not been studied. Naturally the quantity the component in- 
troduced importance: the larger this quantity, compared with the quantity 
the oxide, the more strongly the partial properties deviate 
fron those for binary systen. 


The the behavior and when present together 
glass, has not far been capable being given any form since 
there has not been experimental spite this, deduc- 
ing average values for the quantities, took these peculiarities into 
Since prectice pure potash are rarely used, pre- 
obtain the average values from mixed compositions. The 
cal values Table reflect the properties mixed compositions better 
than those pure potash glasses. For the latter the ave age values are 
indicated the note the bottom Table 
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The Table show that the oxides can arranged, relative some 
(under molecular volume, coefficient linear expansion), but the 
based the other properties, the order not the same. 


The limits use the numerical cover the whole range 

compositions glasses practical interest. Only when the quantity alkali 
exceeds 20-30% there considerable deviation the actually measured 
values from those given_in Table and even then the deviation regular. 
the values for all three oxides tend decrease the alkali- 
nity the glass increases, which would also expected, any rate for 
because the average refractive index_of the free state less than 
glass, and consequently the partial tend toward this final 
1.e. the refractive index pure Li20, which 1.644. ‘The refractive 
indices the other alkali oxides are unfortunately not known but they should 
less than the values found for 


carried out series experiments, aimed confirming this 
getting reliable values for the quantities, which are set forth Table 
end are fixed the graphical position the solid lines the figures. 


For this purpose compared three-component glasses the type Me20-Ba0- 
whose composition was changed such way that, the mol fraction 
the glass increased, the ratio remained constant The 
optical properties the glasses were determined, followed the density and the 
coefficient expansion, and from these measurements the corresponding partial 
values calculated via the Equation The results are 
shown Table 


Partial values Oxides Glasses the Type 


mol frections) Composition the glass the alkali oxides 


0.6146 3.098 1035 114. 


Average 


302 
289 


275 


0.7426 3.130 967 85.7 
0.7010 3.138 993 109.7 


Average 

0.7426 10.0594 3.082 92.9 
0.7010 3.068 959 112.3 
0.6520 3.059 985 132.1 


439 
397 
521 


450 


1.574 


Some these partial values change appreciably one direction, 
none the less possible them. The observed differences the 
partial values correspond only deviations the properties 
the glasses from the averaged values. 
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considered that the accuracy the determination the partial 
values small, because small errors the composition the glass can exert 
large effects the values, then the results obtained should looked 
good confirmation the correctness using average partial values for 
the complex systems. 


SUMMARY 


The refractive index, mean dispersion, and average coefficient 
linear expansion over the range 20-400° have been determined for some 
silicate glasses. The experimental data obtained, conjunction with 

that other investigators, has been used calculate the values the 
partial properties for the oxides the elkali silicate 
glasses. 


has been shown that the relation between the properties named and 
the composition three-component glasses the type (or more 
complicated ones) essentially different from that between the 
and composition binary glasses. 


express this difference more simple forn, 
the practical device replacing the strict thermodynamic partial quantities 
approximate and averaged ones has been introduced; these values have been 
divided into two series: one the partial properties binary systems, 
and the other the partial properties and more 
complicated systems. 


The possibility presenting the approximate partial quantities 

the form averaged constant numerical characteristics conditioned the 
fact that the change the partial properties within the limits one type 
system, binary more complicated, small the majority cases, and can 
long the content the glass does not exceed 20-30 
mol 


has been found that the curves expressing the variation the 
linear expansion glasses, when one alkali oxide 
replaced another should many cases pass through pro- 
maximum. This demonstrates the fact that the conclusions formulated 
above, about the relative stability the partial properties the 
oxides glasses, limited significance. 
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The work which has been done establich the 
ship between the equilibrium pressure nitrogen oxides over nitrose and the 
factors which depends for the systems H20, and 
and also enables calculation made the heat vaporization 
oxides nitrogen from nitrose, which one the characteristics these 
systems from the view. 


the present paper the effect such factors heat 
vaporization oxides nitrogen from nitrose also examined, and the cal- 
culated heats vaporization are compared with those found the liter- 
ature. 


Apart from their theoretical interest, these values have practical importance 
for the compilation technological balances for nitrose sulfuric acid manu- 
facture. 


know, the heat vaporization solutions may ex- 
perimental measurement from data relative the heat vaporization the 
pure components and the heat mixing or, finally, from the saturation vapor 
pressure above the solutions. Masing compared the results measurement the 
heat vaporization individual indirect methods [3], and cane nega- 
tive conclusion. Kireev working the same theme, showed the contrary 
that all three methods give comparable results within the error the 
made. 


Trouton's rule. Several equations have been proposed for calculating 
zed Trouton's constant, corresponding better with the results experiments. 
The most comprehensive thermodynamic equation that Kistyakovsky [5]. All 
these equations, however, apply only non-polar liquids. 


results [7], Kireev [6] showed that there parallel between 
the change the dimensionless parameter L/RT (where molar heat vapor- 
ization, the universal gas constant, absolute temperature) with the 
temperature for different substances corresponding states. 


This method convenient for the study and expression the temperature 
dependence the heat vaporization.* 


Some analogous procedures were proposed Watson [8]. 


[9] showed that the molar entropy vaporization (L/T) approxi- 
mately constant for substances having different boiling points atmospheric pres- 
Sure, the molar entropy values are compsred temperatures which the vapor 
concentrations the substances are equal, and the calculation restricted 
pressures which the vapors obey the ideal gas law. 


have found, the literature, references experimental work the 
the heat absorption oxides nitrogen sulfuric acid 
that Kartashev and Tseitlin [10]. shall somewhat more detail 


Absence any figures for the critical constants prevents 
from pursuing this dependence. 
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For experiments carried out Dewar vessel, 400-450 acid containing 
76.5-80% was taken. The temperature the experiments was The 
acids were vigorously stirred and oxides nitrogen passed in. N203 was pro- 
duced from sodium nitrite and sulfuric acid. experiments with the latter 
was obtained heating lead nitrate. The gas introduced for absorption was pre- 
viously dried passage through drying tower. The nitrose formed was 
analyzed titration with and permanganate and also nitroneter. 


The nitrose formed experiments with contained 0.15-1.5% and 
experiments with 2.5-6% The heat interaction with 
sulfuric acid the concentration indicated 20611.6 
271.2 kcal/kg For interaction with sulfuric acid the same 
strength, when molecule formed from molecule HNSOs, the heat 


According the authors quoted, the strength the sulfuric acid has 
influence the heat effect the process. assessment this work given 
below. 


Lopatto and Sbitneva [11], their interesting work "Method Calculation 
for Glover dwell briefly the question the heat effect the deni- 
tration nitrose and the heat vaporization nitrogen oxides from nitrose 
during desorption. 


doubtful whether justifiable compare these heat effects for 
these different processes, the authors do, because the final products 
gas phase are different. 


> . 


the denitration nitrose, where there nitrose with 
goes gas phase, also shown the overall equation 


desorption, otherwise exsorption, when free present the 
nitrose, goes into the gas phase, and the heat effect should naturally 
different. Thus when calculation carried out for reaction zone sys- 
tem, the heat denitration should calculated according the scheme set 
necessary select the correct value the heat effect. For calculation 
the absorption zone only the heat effect this reaction should taken into 
account. determined the differential heat vaporization oxides nitro- 


gen from nitrose using data the pressure oxides nitrogen 
over nitrose. 


should noted that considerable amount experimental material, 
accumulated recently result tensimetric measurements the systems under 
examination, remains present unused. 


The Clausius-Clapeyron equation makes possible calculate accurately 
the latent heat vaporization (L), the dependence the vapor pressure 
the temperature known, along with the molar the vapor (W) and 
the liquid 


When liquids are examined temperatures far from the critical, the volume 
the liquid may neglected. 


order simplify matters assumed that the vapor follows the ideal 
gas and that constant for given small temperature interval. 
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For calculations recommended combine Equation with the During 
lines, connecting the temperatures two substances (the one being examined 
and standard one) which they have identical saturation vapor pressures. 


- 


where and are the molar heats vaporization the examined and 
standard substance, and and are the absolute temperatures the same 
two which their saturation vapor pressures are identical. 


previous papers [1, Kireev's equation [12] was utilized, which 
the equilibrium pressures the saturated vapor over the investigated and fhe 
standard substances are compared identical temperatures. 


water used the standard substance, then 


- 
~ 


where the pressure dry saturated water vapor the temperature 
which the equilibrium pressure oxides nitrogen over nitrose deter- 
mined (in Hg); the pressure oxides nitrogen over 


- 


the slope the straight lines the plot log log 
and the molar heats vaporization the oxides nitrogen from 
water; the intercept, cut off the ordinate the extension the 
straight lines uniting the experimental points the same coordinates. 


Knowing the functional dependence temperature, can 
found for different temperatures. depends the strength the sulfuric 
but practically independent the nitrose concentration the nitrose 
liquid. 


going from lower temperatures those above 30-40°, there tendency 
for the lines the graph (log log change direction, due 

change the properties the system and conditioned, apparently, struc- 

tural changes water when the temperature raised. The temperature 

which the lines change direction depends the strength the sulfuric acid, 

and fact the higher this strength, the higher the temperature direction 

chauge. the paper question, the authors concerned themselves only with 


The absence sufficient data the hydrolysis nitrosyl sulfate 
nitrose and the way which the hydrolysis affected temperature and 
the concentrations the components, makes impossible the recalculate 
the heat vaporization taking into account the degree hydrolysis the 
nitrosyl sulfate. The values the heat vaporization oxides nitro- 
gen from nitrose are given below without such recalculation. This, however, 
should not prevent their use for technological calculations. 


The values function the sulfuric acid strength are pre- 


Sented Table and Fig. The Point Fig. corresponds 
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0.835 strength. 

0.82 letters the graph given the text. 


For the heat vaporization the oxides nitrogen from nitrose 
finally obtain: 


(in kg. H20) values are found the table the 
temperature for which Values are determined. 


Table and Fig. are given the moler heats vaporization the 


oxides nitrogen from nitrose, convert them weight basis they 


follows from Table that, the temperature increases, the heat 
vaporization the oxides nitrogen from nitrose falls, and the other 
hand rises the sulfuric acid strength increases the 
strength the acid increased beyond that point the heat vaporization 
falls, but more slowly than the rate which increased beforehand. 


Matsui [13], using the static method and Bodenstein quartz manometer, 
measured the equilibrium pressure oxides nitrogen the difference be- 
tween the total pressure and the pressure water vapor, which measure- 
ments calculated the heat vaporization from the formula 


The equilibrium pressure water vapor over nitrose was calculated from the 
data tabulated Sorel, with corrections the Rayleigh equation, and was 
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Molar Heats Vaporization Oxides Nitrogen from Nitrose 


Fig. Molar heats vaporization oxides nitrogen from nitrose, 


partly checked the condensation method. this way average value 

9250 kg. cal/kg.mol for 70-80.8% strength was obtained. 


The same value was found with technical nitroses, blowing-off. 


According this investigator, the nitrose content nitrose prac- 
tically independent the heat vaporization. calculation made for 
different concentrations sulfuric acid, taking his data, found that (Table 
the heat vaporization also varies with the concentration acid. 


another paper the erroneous assertion made that Matsui's 


equation 


where total vapor pressure (of and oxides nitrogen) over the nitrose. 


Actually, should correspond only the pressure nitrogen 
Over the nitrose. 


1155 


9289 9041 
295 112 7915 
° 


and the data these 
the Heat Evaporation, from Matsui's papers, the latter having been 
Results previously corrected with the aid 


Berl and Saenger start- 
ing from the total equilibriun 


the static method, also calculated 
Heat Vaporization from Data Obtained the molar heat vaporization, but 
the Author and this would correspond the quan- 


tity and H20 according 
their mole fractions the gas 


content (in 


according 

and the corresponding heat vapor- 
data the ization were not determined 
this basis, since the authors 

not the depression the 

vapor pressure water over differ- 


ent concentrations sulfuric the presence dissolved oxides nitrogen. 


Since the composition the gas phase varies with the strength the sul- 
furic acid and the temperature, and also because the heats the 
components are different, the heats vaporization found Berl and Saenger 
should change with the strength the acid and the nitrose the nitrose, 

Table ere given the average values the molar heats vapérization 
nitrose function the strength the acid, nitrose content 0.1 
for the interval studied then. 


~ 


Average Values for Content 0.1 from the 
Data Berl and Saenger 


content 


From Table can seen that the the sulfuric acid 
aised, the equilibrium pressure the oxides nitrogen falls more rapidly 
than the equilibrium pressure water vapor over the nitrose, which also in- 
volves increase result, the molar heat vaporization 
water from sulfuric higher than the heat vaporization from 
the same acid. 


Table the effect the nitrose content nitrose the heat 
veporization acid content 68.5% shown. 


follows from Table that, with increase the nitrose content the 
nitrose, the mole fraction the oxides nitrogen the gas phase increases, 
which will also result lowering the heat vaporization. 

should also taken into account that somewhat larger heat effect will 
with the first portion the oxides nitrogen. 
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68.5% Sulfuric Acid Content 


Starting from the vapor pressure oxides nitrogen over nitrose, calcu- 
lated according the equations given earlier making corrections for the 
dissociation the gas phase into and and taking the water vapor 
pressure the difference between the total pressure and the calculated pressure 


and then the heat vaporization, found this way, will differ from 
that given Berl and Saenger 3-7%. 


content (in 
nol/liter) 


- = - 
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Table and Fig. are given the values function the 


Values function tents the nitrose, within the limits 


the strength concentration which were studied. 

the equations for the heat vaporization 

content (in oxides and nitrogen from nitrose, the 
presence free acid, take the form 


056 The value of Ly30 is found from tables 
1.047 at the temperature at which the Lio, 
1.023 Equations (9) and (10) are set out Table 


~ 


and Fig. the units being 
NO, 


convert the heat effects weight units, they must divided the 


strong acid this molecular weight and for weak acid, close 


The vafues can made more accurate when date the composition 
the equilibrium oxides nitrogen over the given systems are available. 


With increase falls the given acid strength. 


With increase the acid concentration constant temperature 
increases and with further increase the concentration 
Slowly falls, the rate increase considerably exceeding the rate fall. 
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con- Molar heat vaporization temperatures 

9180 9000 8815 8620 8410 8185 
10120 9930 9730 9515 9285 9033 
11070 10860 10630 10400 10150 9875 
10935 10720 10500 10270 10020 9750 
10750 10540 10320 10090 9580 
10590 10380 10170 9950 9700 


From comparison the data Tables and evident that the molar 
the presence HNO3 than its absence. 


This particularly notable for strong acids and should ex- 
plained the non-identity the gas phase composition equilibrium the two 
cases. 


free present the nitrose, the equilibrium composition the 
oxides nitrogen changes towards the formation, the gas phase excess 

over the stoichiometric. Besides this, the content the vapor should 
taken into account. According data separate investigators, higher sul- 
furic acid concentrations this composition very that for the molecule 


‘ 


different and this should the. 
reason for the notable divergences 
the heats vaporization the 
oxides nitrogen from nitrose. 


The absence sufficient 

quantitative data the compo- 
sition the oxides 
nitrogen over nitroses contain- 
ing makes impossible 
the value the indi- 
vidual heats vaporization 
and 


Since the heat effects ob- 
tained Kartashev and Tseitlin 
differ considerably from those 


tion were given are close 


the integral ones. The solvents 
themselves also changed concen- 
tration somewhat during the time 


Fig. Results calculation Lxo, 
from Equations and 17. 
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the process absorption oxides nitrogen was obscured 
able number attendant phenomena, which total make impossible 
the results obtained answer the problem posed. 


liberated. This leads dilution the acid and the liberation con- 
siderable quantity heat. the calculation the heat dilution made 
using, for example Thomsen's formula, then found 50% the heat 

given out individual experiments. 


- - - on™ 


Furthermore, thanks the drying the oxides the un- 
absorbed gas leaving the apparatus carries with water vapor, 
close its equilibrium pressure over the acid the given strength the 
prevailing temperature. This carries away heat. The heat corresponding the 
external work performed the gas the gas, will different from 
which involved practice and the experiments other investigators. 
Since high concentrations oxides nitrogen the gas phase were involved 
the work question, the concentration undissociated should con- 
siderably larger. The latter two circumstances are than the 
first. 


the heat dilution acid were calculated, then the results 
this work would close those given above. the system H20, 
the results practically agree, they are related one and the same 
analytical expression given for the differential heats vapor- 
ization oxides nitrogen from nitrose for the system 
and the values these heats are calculated. 


has deen established that decreases with increase temper- 
ature, does not vary with the nitrose content the nitrose (within the limits 
concentration stated) and varies with the sulfuric acid concentration 


analytical expression has been found for the differential heats 
vaporization oxides nitrogen Lig from nitrose when free 
these heats have been calculated. 


has been established that decreases with increase temper- 
nitrose, within the concentration limits studied, and when the concentration 

sulfuric acid varies, passes through maximum about 80% 


has been established that the molar heat vaporization oxides 
nitrogen from nitrose the presence higher than its absence, for 
acids strong This should explained the non-identity 
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Oxide layers aluminum used for sensitization different light sen- 
sitive substances colorless white, have definite thickness 
and porosity, should chemically stable, mechanically compact and strong. 
The quality the oxide layer depends large degree the purity 
the aluminum used the composition its alloy. The best oxide films are 
obtained from the purest kinds aluminum, containing 99.5-99.9% Al. Very 
different oxidized layers may obtained oxidizing aluminum different 
electrolytes. 


using silver halide for sensitizing the oxide layer 
stable silver image may obtained [1, 2]. images obtained 
the pores oxide layers aluminum offer extensive possibilities use for 
the preparation different kinds scales and rules, dials, sign-boards, 
diagrams, maps, bases. for reproductions and also for decorative pur- 
poses, for records, etc. 


- 


Oxidation Sulfuric acid was the main electrolyte used for the 
oxidation aluminum, but individual experiments chromic acid was also en- 
ployed. The material oxidized was cold-worked aluminum foil, 0.3-0.5 
containing (in %): 99.4, 0.38, and 0.3. The oxidation was carried 
out glass cell with stirrer, the volume electrolyte being liters. 


For oxidation sulfuric acid two placed lead plates served 
cathodes, when the oxidation was perforred chromic acid these were replaced 
plates stainless Steel, brand EYa-l. The plate being oxidized was 
the anode (usual size cm) placed between the cathodes. constant tem- 
perature was maintained the bath (0.5°) special arrangement for 
regulation with contact thermometer and relay. 


The aluminum plate before oxidation was given preliminary polish and was 
afterwards cleaned with benzene and alcohol remove from its surface the bulk 
the grease. Before the oxidation itself the was finally cleaned 
After washing running water the plates were oxidized. 


Oxidation was carried 10, and 2C% sulfuric acid, 20, and 
and anode current density 1-2.5 The duration oxidation 
was 10-60 minutes. 


For quantitative determination the thickness the oxide film obtained, 
two methods were used, sectioning and double focussing [3]. Determinations were 
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made with metallurgical microscope. The method requires careful 
preparation the polished section the oxide film and takes long time, 
while the double focussing method very simple and, with sufficient prac- 


tice, film thickness can determined with only minutes. 


tive determinations showed that the results obtained both methods differ 

very little from one another. Measurements the thicknesses oxide 
the intensity which they are stained aniline diazo dyestuffs, though 
simple, are not very accurate. 


For sensitizing silver halides (see below) the best oxide layer was that 
10% sulfuric acid 30° with anode current density 
oxidized for 45-60 minutes. When oxidizing 2-5 and 15-20% sulfuric acid, and 
also higher temperatures the oxide films obtained were less suitable. With 
more concentrated solutions and higher temperatures corrosion films were ob- 
served, and they were not thick. weaker solutions sulfuric acid hard 
and brittle films were obtained. 


The dependence the thickness the oxide film the concentration 


sulfuric acid, when the period oxidation was hour, the anode c.d. 1.5 


and the temperature 30°, shown Table 


TABLE The change the 
oxide film with the time oxidation, 
Effect Concentration the using 10% sulfuric acid 30° and 
Thickness Oxide Films 1.5 anode c.d. shown 
Table and Fig. 
conc 


The oxide films obtained, when 
dried air and heating, showed 
small difference weight (0.002 
indicating the small amount 
moisture included the layer. 


TABLE Sensitization silver bromide. 
Effect Time Oxidation Simple calculation showed that acti- 


vation the oxide film immersion 
Tine oxidation wards silver nitrate would pro- 
the layer which wou quite in- 
sufficient for ordinary chemical 
development, even thick oxide 
film. This was also confirmed 
experiments, which non-uniform 
distribution silver the film was also observed. The pictures obtained were 
frequently muddy and spotted. Repeated immersion solutions alkali halides, 
followed immersion silver nitrate, for sensitization was therefore studied. 


Use different alkali halides (KCl, KBr KI) for sensitization showed that 
when silver chloride and bromide were formed, was visually obvious that the 
resuits were approximately identical. After prolonged sensitization, and also 
higher temperatures, and after immersion solution iodide, 
corrosion films were observed. When using for ectivation 15-20% and more concen- 
trated solutions potassium bromide and silver nitrate, coarse deposits sil- 
bromide were formed and the sensitized layer was not uniform. therefore 
seemed more suitable use 10% potassium bromide and silver nitrate 
ordinary temperature (20°). Rapid rinsing the plate water, transfer 
one solution another during sensitization, bad beneficial effect (less 


entration 


Thickness the 
oxidized film 
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formed, the true pore volume was about the whole volume the filn. 


precipitation deposit the surface layer), and had rubbing the layer 
during immersion the plate the solution. Complete drying the plate befcre 
transfer from one solution the other had bad effect the sensitization. 


The thickness the oxide layer and its porosity are extremely important 
factors determining the suitability the film for photographic purposes. 
ing the thickness the film and the "true pore the maximum quantity 
silver bromide which can deposited the pores can calculated. 
determine this true pore volume, necessary know the apparent specific 
gravity the oxide layer. special experiments obtain pure oxide film, with- 
out the aluminum foundation, and determine its thickness, the surface area 
(and hence also its volume), and weight, was found that, the oxide 


Knowing the true pore volume, and 

(of the thickness) the volume the film 

itself, the maximum quantity silver 

the number successive immersions(n) the plate being sensitized the 

solutions potassium bromide and silver nitrate. From examination the 

process successive immersion oxidized films and the precipitation silver 

bromide them, Kheinman deduced the following equation: 


é 


- 
- 


where theoretical coefficient depending the concentrations KBr and 
our experiments (using 10% KBr and was 0.988. 


Special experiments determine the quantity silver bromide precipitated 
the oxide film function the successive immersions potas- 
bromide and silver nitrate, confirmed the correctness this equation. 
Fig. are shown the theoretical and experimental data relative the quantity 
silver bromide precipitated the pores the oxide film, function 
the number successive immersions 10% KBr and The oxide film was 
obtained 10% sulfuric acid 30° with anode c.d. 1.5 and dura- 
tion oxidation minutes. The thickness the oxidized film was 


Examination the data that, get sufficient filling the pores 
the oxide layer with silver bromide, large number successive immersions 
the potassium bromide and silver nitrate solutions must performed. For 
example, after successive immersions the sensitized plate, only about 
third the volume oxide film was filled with silver bromide. Having 
make extremely large number immersions the oxide film activate 
renders the process not very and, apart from this, corrodes the 
film, hence practical importance seek other sensitizing 
the oxide film with silver bromide. 


From what has been said above easy see that, with increasing 
thickness the oxide film the quantity silver bromide formed the film 
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Dependence 


successive immersions during the 
the thickness the filn. 
The aluminum was oxidized for different 
times 10% sulfuric acid 30° and 
1.5 anode c.d. The data ob- 


indicates the practical value 
using thicker oxide film order 


decrease the number successive immer- 
Fig. Dependence the quantity sions the oxide plate and likewise 


(in g/m* film) the. diminish the corrosion the film 
immersions and during the time sensitization. 


For photographic investigation the 
oxidized plates, activated with silver 
bromide, after drying were exposed 
the light mercury quartz lamp 

ARK-2. Physical development was first 

used develop the latent image formed, 
employing formula for the developer published 
the book Bekunov and Shostko [4]. Later chemi- 
cal developer for the latent image was used (see 
both cases, for physical and for chemi- 
cal development the image even when the devel- 
opment was retarded, the image obtained was usually 
non-uniform, muddy, and spotted. 


was assumed that, the process deposition 
silver bromide the oxide layer, nuclei metal- 
lic silver were formed, which also affected the purity 
the developed image. Thus, the sensitized filn, 
immediately after activation immediately after pre- 
the quantity AgBr liminary complete development, were treated with 
(in film) bleaching solution, for example with potassium ferri- 
the thickness the and potassium bromide, for reduction all 
quantity AgBr (in the silver the layer, and afterwards washed and 
thickness dried, then after exposure and development uniform 
film pure picture should obtained. This was confirmed 
mental theoret- experimentally, using both physicel and chemical 
ically calculated maximum development the image. later experiments, after 
quantity activation the plates, they were treated for 

minutes bleaching solution (50 potassium ferri- 

cyanide, potassium bromide, water liter) 
and washed and dried.For development metol, 
quinone and hydroquinone developers were used, prepared with different contents 
developer, sulfite, and potassium bromide, but without alkali, since this 
attacks aluminum. all cases the images developed, would 
different rates and the photographic properties different developers were 
different. Amidol gave the highest rate followed metol; hydro- 
quinone was slower, was natural. The development can carried out higher 
temperature without notable corrosion the layer; the rate development then 
increases. was interesting that, eliminate fogging the development 
was necessary add potassium bromide considerably larger quantity than usual. 


number immersions. Experimen- 
tal data; Theoretical data (Khein- 
man's equation). 
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result the experiments carried out the following formula for amidol 
developer was decided on; amidol crystallized sodium sulfite 


preserve the solution better 3-5 acid was With 
the potassium bromide concentration the developer, the light- 
property diminished and the development But the same tine 


0.5-1 and 3-5 minutes. 


The use chemical developer possible contact prints 
under ordinary 300-500 electric lamps. With distance 15-20 for 
negative average density, the exposure was all cases 1-2 seconds, but 


For further investigation the odixe rule, were 
30-40 successive immersions bromide and silver nitrate about 
silver bromide the film (about metallic silver), which considerably 
exceeds the amount silver the usual positive silver halide light-sensitive 
layer. series experiments were also carried out with thick oxide films, 
giving them 15-20 successive immersion potassium bromide and silver nitrate, 
which this case appears sufficient. Depending the nature the 
oxidation the and the number successive immersionsduring the sen- 
sitizing process (quantity silver bromide the layer), the color the 
developed image varied from yellow dark.brown and some cases black. 

rule, oxide layers considerable thickness, obtained under more severe 
conditions oxidation, and also with more highly hydrated layers, deeper 
tone the image was obtained. comparison experiments with sensitized oxide 
films, obtained oxidation chromic acid, the color the developed image 
varied from olive-black blue-black. Fhysical development deeper tone 


the image than did chemical 


showed that the color the image obtained depends the size the particles 
silver bromide the sensitized oxide layer. With increase the size 
the particles bromide, and the particles silver the the 
the latter became deeper and blacker. 


Microscopic investigation developed images large 
(900-1350 showed that the particles silver were oblong, with length 
the order lying apart from one another average densities. 
the density the image increased the number particles per unit surface in- 
creased, and large densities was not distinguish 


The experiments showed that even very large densities, the images 

the oxide films did not conduct this can concluded that 
the particles silver the oxide layer are isolated from one another, and are 
located the pores the layer, because the oxide film itself 
Measurement the depth which the particles silver the developed image 
are located showed that they are present the upper 
the oxide film. This the small density the 
mages. 


The color the obtained may made brown black 
previous treatment the oxide film sensitization) and also sub- 
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sequent treatment the sensitized layer the developed image hot 
water. interesting note that plate, before after the sen- 
sitization, treated with hot water and then afterwerds developed, does not 
fix even extended immersion the fixing solution. The color the image 
also deepens the fixing bath using hot fixing solution during 
hardening). very marked deepening the color the developed image was 


when the sensitized plates were for some time potassium 


bromide solution the solution being saturated with silver bromide 
containing gelatine, and also sensitization elevated temperatures 
the presence gelatine. 


The image obtained after development may reduced, intensified 
different tone can the usual photographic silver image. 


Sensitometric investigations oxide layers, sensitized with bro- 
mide, showed that they have small contrast coefficient. Their light-sensitivity 
about 10-15 times smaller than that the usual silver bromide photographic 
paper. conclusion can said that the plates shaded and half-tone 
prepared thus are very effective the polished background oxidized 


Sensitization diazo For sensitizaticn diazo compounds ox- 
ide layers were employed, which were obtained oxidaticn sulfuric and 
acids under different conditions (see above). The sensitization was carried out 
ordinery temperatures, immersing for 5-10 minutes solution p-diazo- 
dimethyleniline and R-salt. The solutions were prepared adding, 100 
distilled water, orthcphosphoric acid; the solution was heated 80° and 
afterwards 3.82 2,3,6-naphtholdisulfonic acid was edded (R-salt). ter the 


get more uniform sensitization the oxide layer the solution, 
was rubbed with plug wadding during the activation period. After dipping, 
the excess soluticn was removed shaking. The plates were dried with fan. 


For investigating the sensitized oxide layers the latter, were exposed under 


mercury lamp, type ARK-2. The time exposure distance 10-20 
varied from 20-30 seconds 2-3 minutes. The was carried out 
dessicator over 20-25% solution. 


the experiments carried out showed, when oxide layers different thick- 
were used, was necessary change the concentration the solution for 
sensitization order get the necessary image density. 


the investigation the dyestuff, formed the development, was 
that adhere closely the oxide layer; the duration this process 
different for different oxide layers. result there was obtained image 
which could not easily washed off with water, which essential for 
tical application. the layer was washed free from pro- 
ducts oxidation which could attack the image. The strong bonding the dye- 
stuff formed the oxide layer was confirmed with pure 
oxide. 


obtain the necessary the oxide layer should have suf- 
ficient thickness (of the order 10- The light-sensitivity the diazo 
obtained was normal. The developed image blue violet and very 
effective the lustrous background the oxidized 
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silver and the development the 


order get sufficient quantity silver bromide oxide 


layer necessary make repeated immersions solutions 


The color the image depends the size the particles 


When using diazo layers, the diazo dyeformed the development 
remain firmly adherent the oxide layer, thus giving image which cannot 
washed away water. The duration the process different for differ- 


Jenny and Chem. Fabr., 37-38, 359 (1935); 
end Fortschritte, 69-77 (1936); Metallwirtschaft, 20, 387-392 
Fedotev and Grilikhes, Transactions the Cine-photo- 
graphic Lab. the Inst. Chem. Tech., (1941). 
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CORROSION COPPER AND LEAD HYDROCARBON SOLUTIONS IODINE 


. - 


Extending the investigation the corrosion metals non-electrolytes, 
have turned our attention hydrocarbon solutions iodine, appear 
strongly and peculiarly aggressive. 


The literature the question the action metals such solutions 


Parsons interested the role water some reactions, 
investigated the effect number liquids, including benzene heptane, 
the reaction magnesium, zinc, iron, antimony and silver with iodine. 
mixture the metal powuer and with the anhydrous liquid was made, and 
was left for some days dessicator over after which the mixture was 
filtered off; the content the deposit the filter was determined. 
According Parsons, reaction between fodine and metal was observed only with 
those liquids which fodine dissolved. With hydrocarbons, reaction occurred 
only with antimony suspended benzene, being formed. 


will Parsons’ results for iron soiutions 
were not confirmed our experiments. 


Evans and Bannister [2], following the mechanism the growth films, 
investigated the action different organic liquids and, 
particular, benzene and hexane, silver. The samples silver were 
immersed different temperatures for 5-30 minutes the solutions under 
investigation, having different concentrations, after which the investigators 
determined the weight fodide and constructed curves time agsinst film 
thickness. The authors came the conclusion that small film thickness 
its rate growth was controlled exclusively the rate conversion 
AgI, and larger thickness, the diffusion iodine through the filn. 
However, later Evans [3] concluded that not iodine which 
through the film but metallic silver which diffuses the iodine. 


Tikhmenev and Zvereva [4] investigated the action 0.001 solution 
benzene fron, Cr-Ni-steel, copper and aluminum. The experiments 
were carried out test tubes with solution for 30-90 minutes, 
after which the was determined colorimetrically. and copper 
bined minutes with all the iodine while the aluminum and the Cr-Ni-steel 
did not react with all during this time. curious that iodine was 
absorbed the metals more rapidly from than from its solutions 
alcohol and potassium That all that have been able find 
literature concerning this matter. 


thus appeared necessary accumulate experimental would, 
the first place, facilitate qualitative description the behavior hy- 
drocarbon solutions towards metals and, secondly, would give general 
idea about the physico-chemical nature this 
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EXPERIMENTAL 


The action iodine copper and lead was investigated mainly benzene 
and only partially isooctane. The solvents were the same those usec 
our experiments with solutions acids [5]. Before being used they were both 
for many days over and distilled from into the which 


The chemically pure was purified repeated sublimation. 


The solutions were prepared follows. The apparatus shown Fig. was 
assembled. The receiver was usually glass bottle capacity 2.5 liters, with 
ground joint its neck into which was inserted the ground connection 
automatic burette, which were sealed two tubes with vacuum stopcocks. The 
apparatus was dried passing stream hot dry air through it, known 

iodine was introduced into the bottle and the distillation benzene 
into was commenced. Since, however, very slowly, the solu- 
tion,with periodic agitation, was allowed stand 2-3 days, and only efter 
plete solution the was titrated and automatically transferred 
the test tubes (which had ground stoppers) which the experiments were carried 
out. was used only one special series experiments with iron, and 
the results these will given subsequent paper. 


. 
. 


burette with calcium chloride drying tube; nitrogen cylinder; 
chenko bottles: filled with and filled with glass wool. 


The solutions were titrated the usual manner: the solution was 
water and some drops starch solution, after which was titrated with 
thiosulfate with vigorous shaking the emulsion until was decolorized. 
rule 0.2 solutions were employed. 


The solution was shaken the test tube, small metal 
plates ma), ground and weighed, were suspended from hook; 
they were completely immersed the solution. After more less extensive 
period contact with the solution room temperature diffused light, the 
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volume the solution and its titer were determined, and also the loss metal. 
Apart from this, the composition the corrosion product was determined, which 
number cases could done quite easily comparison the 
and halide reacted. These and some cther data, which more will 
said later on, were usually quite sufficient give general idea about the 
character the corrosion process being studied. 


attack copper comparatively strongly. After days practically all the 
contained the solution had reacted with the metal. The curve Fig. 
shows the rate attack; rapid increase the first days, after which 
gradually tailed off result the exhaustion the halogen reserves. 


¢ s* 


original solution ml, 0.0278 g/ml (0.2190 


Iodine reacted Amount 


Ratio 
iodine that 
should have 
reacted, 
calculated 
0.3220] 6.55 0.3759 |Light grey deposit 
0.13 the plates, 
0.6534 55.75 1.3042 83.17 After the 
deposit, the plates 
67.63 1.4041 93.73 were rubbed with 
ith ohol. 
0.6909 68.34 1.3786 96.47 the start. 


For analysis the products corrosion, 0.5-1.0 deposit, previously 
washed with benzene and ethanol order iodine, was dissolved 
mixture equal parts (1/3) and (1/2) beaker for elec- 
trolysis. Afterwards the solution was diluted 150 with water eliminate 
vapor and was electrolyzed Sargent apparatus equipped with rotating elec- 


The copper contained only traces bismuth and antimony. 
Here and later averaged data are given below the bracketed figures. 
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over the copper oxides did not react with does not act metal 


e 


trodes, the current and the 2-3 volts. The electrolysis was 

taken completed when, after dilution with water further deposition 
copper the cathode was observed the course minutes. The results 


TABLE 
Analysis the Products Corrosion Copper Todine Solutions 


Mixture 
and 0.1653 32.96, 33.06] CuI contains 33.38% Cu, 
0.1664, 0.166% 33.28 
0.1660, 0.1664 33.28 
0.1664, 0.1672 33.44 


Judged by-these results, the product copper 
iodide. This further confirmed the ratio the quantity reacted copper 
and halogen. However glance the data Table directs attention the 
definite non-correspondence between the actual loss and that indicated 
the calculation, taken that the whole quantity copper effect 
was converted cuprous iodide. The interesting thing not the non-corres- 
pondence itself, but its character: all cases without exception the amount 
iodine leaving the solution less than that required theory, whereas 
the contrary would expected, considering its volatility, adsorption the 
corrosion products, and number other factors which would cause loss 
but not metal. also surprising that the 
with time disappesring experiments longer duration. 


The most probable source this 
peculiarity that not all the copper 
also partially combines with oxygen. 
Apparently, parallel with the process 
oxidation copper the oxygen con- 


tained the solution and diffusing 
the copper from the atmosphere, which 
generally speaking, quite natural.? 
must assumed that stimulates 
metal (in oxidation, that facilitates the 
access oxygen the surface the 
since pure benzene there perceptible formation oxide. More- 


Fig. benzene solutions 
iodine copper. 


was mixed with the main corrosion product cuprous fodide. 

Part the loss copper should ascribed these oxides, that the amount 
iodine required this loss less, and better corres- 
pondence between the loss metal and halogen obtained. 


Prutton, Frey, Turnbull and [6] take more extreme view, assuming 
that the process corrosion metals hydrocarbon solutions acids proceeds 
exclusively through the formation oxide. 

The reaction between iodine and iron the basis 
Evens’ method isolating oxide films [3]. 
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this point view taken, then the disappearance the non-corres- 
pondence, the duration experiment extended, can understood. The 
corrosicn process was time advanced the fraction 
iodinated metal should have more and more exceeded the fraction oxidized, 
bringing about gredual agreement the loss metal and halogen. 


our postulation correct, phenomena should observed with 
other metals. Acutally, met with such case came upon clear 
deuonstration the important role oxygen the corrosion with 
iron. 


> 


the point view put forward, have indication the presence copper 
oxides among the products corrosion. However, since rough calculation shows 
that the quantities the deposit should extremely small, 
complicated task. 


copper. 
solutions iodine are violet, while those benzene are brown, 


differing from one another their physico-chemical properties, which made 
interesting compare their action metals. Because iodine dissolves rather 
less isooctane than benzene, preliminary experiments were made with relative- 
solutions. The results corresponding experiments are set out Tables 
and judged these, isooctane solutions copper the same 


- 


Duration 


experiment the should have 
No. reacted, iodine, 
alone 
were formed 
99.27 


Corrosion lead. follows from the data Table iodine dissolved 
benzene also acts fairly strongly lead. The corrosion product was 
omposed golden-yellow leaves, quite soluble hot water and potassium 
solution, that without analysis was evident that consisted 
This was also confirmed the ratio the quantity reacted metal 
halogen. The same kind non-correspondence was observed here with copper 
and the same remarks earlier can applied this case well. 


distinction fron what was observed with copper, isooctane solutions 
react lead many times more strongly than benzene solutions (Tables 

and isooctane solutions cause copper and lead 
corrode, the first forming and the second 
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Copper Isooctane Solutions Iodine 
Quantity solution ml, titer 0018 (0.0142 


x 

\ 


were formed 


a 


Iodine Ratio 
should have reacted 
reacted, calculated 


oy 


Remarks 


Products 

the lead were re- 

sample for minutes 


1.2768 90.46 with distilled water. 
82.71 1.3137 92.11 0.01 Prac- 

[1.2100 82.57 1.3772 87.86 tically the sane 
quantity solution 
remained the test 
tube the end 
the process was 
TABLE 


solution 0.0023 g/ml (0.0181 


Iodine reacted 


Quantity 
which should have 
reacted, calculated 


traces 
traces 
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solution 0.0018 (0.0142 


Iodine reacted Quantity iodine. 


which should have 
reacted, calculated 


re- 
acted 
that cal- 


solutions act more strongly than benzene ones, while 


their action copper about the same both cases. 
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ings which are uniformly distributed the surface. 


resistance corrosion and, the service life 
coating determined its thinnest part; hence non-uniformities distribution 
the coating the surface the article are the cause number 
the deposition excessive amount light metal, loss time making this 
excess deposit, and the concomitant waste electrical energy. 


Non-uniformities the distribution the deposit electroplating are 
caused differences the distance the separate portions the object being 
plated from the anode, and develop different extents depending the compo- 
sition the electrolyte, the conduct the electrolysis process, and the 


geon the electrolytic cell and the (anode and object 
plated 


Uniform distribution the plating usually the 


power", for the determination which different methods and 
have been worked out. 


The best known and most widely used method measurement (and formula) 
that proposed Haring and Blum, and the firm which manufactures 
the special "Haring get ideal distribution deposit the 


face the electrode the throwing calculated according Haring and 
Blum's method, should 80% 


Haring and Blum's formule has been corrected many authors. Thus Pan (2] 
this formula that the ideally distributed plating corresponded 
100% value the throwing power. Field [3] introduced further correction 
taking the standard ratio between the electrodes Shlotter and Coxpinn 


number equations for the throwing power involving considerable modi- 
fications the equations Haring and Blum. 


However all the corrections introduced into this method calculation have 
aimed eliminating individual, obvious, but secondary deficiencies the 
method, but have way eliminated its fundamental 


The basic trouble with the method and formula the subjectivism and 
Plete empiricism the evaluation the capacity the electrolyte for giving 
uniform coatings. The correlations parameters the equations mentioned are 


Communication series dealing with work this field. 
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particular cases since the quantitative characteristics the throwing power 
only taken genuine (and then with reserve) for exactly those values 
correlations parameters, are expressed one another method. None 
the formulas mentioned even approximately aims general quantitative 
between the parameters and the distribution the deposit, the 
current density, the cathode surface. Naturally therefore, they cannot 
for the evaluation electrolytes, and this particularly true for 
determination the optimum technical parameters applicable the. 
objects given form and size. 


the present time particular techaical interest know what 
metal plated deposited usefully how the current density 
distributed over the object being covered, what the average current density 
which the most uniform distribution attained, what the best disposition 
the object being plated towards the anode, etc. 


One the best pieces work, related the question the throwing power, 
that carried out the Soviet investigator Sukhodsky who worked out 
method for establishing the character the current 
density function the electrode separation and the slope the 
curve, and likewise gave analytical solution for the variation 
current density and weight the deposit with distance betveen the electrodes. 


The dependence the distribution current density the configuration 
the electrodes, and also the effect the cathodic and anodic polarization, 
was carefully investigated experimentally Fedotev and Evstyukhin 


Starting 1948, papers Mashovets have appeared dealing with graphical 
method determining the distribution current density cathode 


the evsluation the uniform distribution ofa spite 
one the central questions remains unsolved, namely what should 
taken objective criterion for the uniform distribution metallic 
plating the surface the cathode. The solution this questicn pri- 
because completely contradictory results the evaluation 
using difference criteria. 


This question the criterion for the assessment the equilibrium uniform 
plating and its calculation should examined through two special cases. 


The first typical for concrete production object the calculation 

the criterion uniformity and the determination the optimum technological 
for objects definite size and configuration, being plated 
bath definite geometry with given electrolyte. this case the task 
the optimum running conditions (current density temperature) for 
plating given concrete article and the optimum position which place 
this article relative the anode, faces the technical man. 


the second case, which usually arises the investigation and 

electrolyte this that composition, neither the description the article 

covered, nor its geonetry, that the cell which the operation 

carried out, are known. the less necessary give least 

quantitative evaluation the possibility obtaining uniform deposit 
from the electrolyte question, evaluate the effect separate factors (con- 

centration the components, pH, temperature order find the optimum 

composition the electrolyte and the optimum running conditions, and make’ 

comparison with other 
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since the uniformit distribution coating cathode surface always 


depends the geometry the cell and the and these 
are not given. 


However, for the more typical cases electrolysis, the influence 
number factors can taken identical: the effect cathode and anode 
polarization, the electrical conductivity the electrolyte, the 
the c.d. the current efficiency, the distance between the electrodes and 
on. this basis possible make calculation for the approximate 
quantitative estimation the uniformity distribution plating the 
surface the cathode, the factors enumerated. 


before such method calculation can made, 
necessary establish criterion uniformity. The latter cannot 


course, this case accurate solution the problem impossible, 
ected arbitrarily, but should complete image reality. 


The problem the uniform distribution covering doubly 
practical one. Therefore, taking into account what has been said the 
objective quantitative criterion uniformity would the relative 
quantity the metal usefully employed: the ratio the usefully deposited 
metal (Mg) that the superfluous metal (Ms) the total weight 


metal which principle not difference. 
quantities are equal respectively, tos 


average thickness covering. 


Where the current yield practically independent the 


The may determined experimentally, 
and also analytical graphical calculation. 


Evidently, the value will depend 
large extent, upon the geometry the object 
being plated the the cell. Fig. Graphical process for 
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form the object being coated not given 
when the boundary conditions are not given, 
the uniformity ciriterion should expressed more generally 
namely differential one. 

natural that the differential form the criterion 

remain unchanged, because the final analysis the differential equation should 

written for real conditions. The ratio equivalent the ratio 

the weights deposits differential portion (m) the weight 
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For determining the value C,, examine the case which intended 

coat cylindrical object the cathode area and Given the 

Making the calculation for two separate portions the surface 

one and that the lines force are straight: 


where are the potential the anode, the current strength, the 
resistance the electrolyte, and the potential the cathode 


and 


where current density for the part surface area the part 


where Specific electrical distance between anode and part 


Since the potential the cathode function the density, 


get: 


the c.d. employed, then can assumed that and correspondingly that 


this case the criterion (throwing assumes the 
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Cy ry (11) 


because all the calculations are made erentiation. 


cases where the potential the anode changes sharply with 
Formulas (10) and (11) should corrected. (11), when the change the 
potential the anode taken into account, takes the form 


For the calculation more convenient use equation related 
the cathode, whose surface “ts inclined that the anode, the projection 
which onto the plane can described the equation kl. 
this case Equations and (12) can 


and Equation rearranged to: 


‘ 

(15) 
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relations between these magnitudes are given the form graphs. 


values. 


arrive the optimum current density. 


The optimum current density which the maximum uniformity plating 
attained the cathode, can found from Equations (10) (15) 
generally known methods, finding the limits the relevant 


For solving Equations (9) (16) necessary have 


case Equations (9) (15) can relatively easily solved graphically. 
Equations (13) and (14) can solved graphically follows. 


The curves and (D,) are plotted, and then the 


Stirling's method. 


From these values and the values the nuzerator for series 
values are obtained. 


find similar methods the the for the same range 
Dvalues. Finally obtain series values for C,,, corresponding 
plotting against the optimum value found 


The equations derived establish quantitative dependence the uniformity 
criterion the electrical conductivity the electrolyte, the distance between 
the electrodes, the nature the cathode and anode polarization, and the 
nature the dependence the cathode current efficiency the current density 
and the curvature the surface being plated. 


The equations indicated make possible assess the criterion 
the form presented, compare the values different electrolytes, 


can seen from Equations (10) (15), the magnitude the throwin 
power increases increases deg dey increase) and 
the specific resistance the electrolyte decreases. The values 
and the electrical conductivity exert larger influence, the 
Smaller the distance between the cathode and enode. 


The effect the distance increases with decrease electrical conductivity, 


const. the distribution the deposit the cathode 
strictly the current distribution. const. the distribution the 
changes. This change quantitatively determined the magnitude 


the functi 


- 
The value the function depends the current density 
the current F(D) and the derivative dy, 


The current density and the current efficiency can only positive; dy, 

can either positive negative: negative, the current 
efficiency decreases the c.d. increases, then there corresponding increase 
the uniformity criterion: this magnitude positive, then the throwing 


power will diminish. 
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From Equations (11), (12), (14) and (15) evident that the larger 
the current density the larger the effect the uniformity criterion 
change current efficiency with currert density. Increase current 
density will apply positive correction the uniformity criterion, those 
cases where the current efficiency decreases density, 
and inversely. 


the effect change its absolute value. 


denominator will cases where the value unity, 
the denominator inversely approaches zero, and the uniformity criterion becomes 
infinite, which corresponds completely uniform ideal distribution the 
then the denominator all fractions also becomes negative. The physical meaning 
the negative value the throwing power that larger quantity metal will 
deposited the more distant the cathode. Such though 
are met with practice. 


acquires still more value, 


For the approximate determination the the 
mental method proposed Kudryavtsev [9] pre-eminent. The cathode 
sharply bent two places, forming 60° angles, shown Fig. 
form ensures complete symmetry relation the anodes, placed identical 
distances from it. After the deposition the plating the cathode cut 
along the lines apexes the angles, and points are marked off its 
sides accordance with special template. The thickness the plating 
measured the middle the cathode between the points marked out the 
The measurement may interference eny other suitable way. 


The uniformity distribution the covering may assessed from the 
curves obtained plotting the length the cathode against the 
thickness the covering for each part the cathode. 


Corresponding the curves obtained, the uni- 
formity the deposit may obtained. 


cathode and anode the Kudryavtsev's method. 


However, the results obtained will depend, large extent, 
uniformity criterion selected. 


- - - 


method, have obtained the curves for the distribution plating 


Fig. Mutual arrangement Fig. Plating distribution curves obtained 

1181 


‘ 
k 
lap 
: 
2 
uf 


- 


criterion the uniformity Kudryavtsev himself proposed where 


electrolytes and are identical, spite the evident differences 
character the distribution between the two cases. 


Other investigators applying have ‘taken their 
uniformity criterion the tangent the (Fig. the right-angled triangle, 
whose right-angle itself the origin, one whose adjacent sides equal 
i.e. the thickness the plating the nearest position the cathode, 
and whose area equal the area bounded the abscissa, the intercepts 
and and the curve distribution thickness deposit itself. 


quite evident that this criterion, based the tangent ofa will 
better rating. 


the same time the useless waste metal, energy and 
plating time will larger for electrolyte which shows the futility 
these criteria 100 and tan a). 


using the criteria which have 


evident that the value will lerger than and correspondingly 


electrolyte will get better rating, which accordance with the actual 
state affairs. 


The use the objective criterion which have 
likewise has the convenience that can calculated using any method, 
graphical. 


The proposed criterion may used for approximate electrolytes, 
when neither the geometry the covered, nor the geometry the 
cell, are given. 


examination the calculation the values the uniformity criterion 
and determination the technological parameters for given 
size and shape will the subject later paper. 


SUMMARY 


objective criterion for the uniformity distribution plating 
the surface cethode hes been proposed. has been shown that the 
selection arbitrary criterion leads incorrect conclusions. 


Formulas have been derived for calculating the uniformity criterion 
the most general differential forn. 


possibility calculating the uniformity criterion from data obtained 
using experimental methods (such that Kudryavtsev) has been demonstrated. 
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Some Questions Technology and Economics Electroplating. 
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one the most important unit processes chemical 


the absorption methods present use, bubbling the 
effective has been shown Anvestigation, 


However, this process has not sufficiently studied, and this 
applies specially the upward movement the bubbles the surface, which 
plays extremely important part the absorption gases and vapors. 


The trajectory gas bubbles liquids has been studied Obryadchikov 
and Khokhryakov [3] and Stabnikov According investigation 
[1], the rate rise bubbles undisturbed liquid depends 
their average diameter. According paper Kutateladze [5], the rate 
rise ‘bubbles also increases with their size. 


Since the investigations already carried out have given discordant 
results, the rate rise gas bubbles, different initial velocities, has 
been determined experimentally and theoretically function their diameter. 


EXPERIMENTAL 


Experiments were carried out cylindrical glass tube, 1.2 meters long, 
0.05 diameter. The bubbles gag were introduced from below through glass 
nozzle. three different diameters were investigated: and 
these being the sizes most frequently met with practice [1]; the 
the liquid above the nozzle was varied. 


The (average) results experiments are set forth the Table alongside. 


The following conclusions can 
drawn from the experimental 
data: the rate rise 

bubbles, for the nozzle sizes sel- 
ected, lies within the limits 
0.239 0.245 m/sec., and 
practically independent the 


Average Rate Rise Gas Bubbles. 
Diameter 


Average rate 
rise 


height the layer being bubbled: bubbles 
with increase the diameter (in 0.239 

decreases. 


Equation motion gas bubbles. Let consider the general case the 
movement bubbles given medium, non-zero initial velocity. 


assume that the bubbles are subject three currents the first, 
the rising current, under the influence which the rise upwards; the 
second, the pressure current, also forcing them and the 
current, directed downwards, due the resistance the liquid. 


The differential equation movement the bubbles under the influence 
the currents indicated 
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whence the accleration acting the 


time movement the bubble (in sec). 


For the solution Equation (la) make the substitutions: 


‘ aH 


the variable rate rise the bubbles will be: 


The magnitude the final rate can found for the condition dv/dt 
when the acceleration the bubbles, which always decreasing, 
zero. this point the rate rise the bubbles reaches maximum and then 
remains constant. 
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Using Equations, (7) and (8), substituting the for and 
and neglecting with obtain equation for the variable 
rate rise the gas bubbles the form: 


case equation the expression for the rate 


Analyzing the data obtained, come the following conclusions: From 
Equation (9) evident that the final velocity does not depend the 
velocity From Equations (7) and (8) follows that the variable 
rate rise the bubbles theoretically approaches constant final rate 
only when The variable rate practice becomes equal final 


Consequently any height does not depend the initial velocity, and 
only very large values (practically unattainable) can some dependence 
found. From Equation (6) the critical value the 
layer height may determined, and above which the constant final value 


SUMMARY 
the methods used chemical industry for absorption, bubbling has 


1187 


‘ 
heD = > Vo 10) 
- 
kp ad D - ( ) 
i 
; 


e 


. . . 4 


“attention appears have been paia the upward rise the bubbles, .which 


Among the factors controlling the process bubbling, 


plays important part determining the intensity ‘absorption 
end vapors. 


Investigation the movement gas bubbles given medium has 
shown that the rate this movement depends; the main, their diameter and 
that the commencement their rise they are acted upon acceleration 
which determined only their the gas and the liquid. 


From the equations for the variable and the final rate rise the 
bubbles, deduced paper, follows that the variable rate becomes 
practically equal the final rate extremely small bubbling heights. The 


rate does not depend the initial rate the gas bubbles. 


The equations permit the calculation the critical height the 
bubbling layer and above which the final rate rise the gas bubbles 
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VINYLATION CELLULOSE 


N.I.Nikitin 


branch the USSR Academy Sciences, 


etc] have recently been the subject increased investigation. These 
containing the unsaturated vinyl group, easily polymerize give 
different polymers depending the conditions reattion, the catalyst etc; 
these polymers are coming into use plastics, lacquer bases, 
Hill and Pigeon [2] and others [3], have shown that, the presence 
acid catalyst, acetylene reacts with alcohols form acetals, through 
the intermediate vinyl ethers, follows:- 


been shown that the presence strong alkali 
Favorsky and Shostakovsky [6] worked out convenient method for the 
preparation vinylalkyl ethers, the action acetylene alcohols under 
pressure the presence caustic potash. 


appeared being not without interest confirm and 
reaction more complicated compounds, and particular, 
cellulose. present quite large number cellulose ethers are known, 
the methyl [7], ethyl (8], propyl [9], isobutyl, hydroxyethyl, [10], benzyl [11], 
glyceryl [12] and other ethers have been obtained. The methyl and 
benzyl-celluloses have found practical the manufacture 
plastics, lacquers, insulating materials, etc. Favorsky, Ivanov and Zeitsev 
carried out experiments the vinylation cellulose and obtained products 
which, they suggested, were mixture mono-,di-, and tri-vinyl cellulose 


The experiments were carried out with refined sulfite 
cellulose, containing lignin and 5.1% moisture. 


The reaction was carried out 130-175° rotating autoclave 
acetylene pressure, the presence KOH. The duration the experiments 
was varied from 18-75 hours. The vinylation yielded fibrous product (mainly), 
and resinous product dissolved the aqueous liquor. 


The liquor was acidified with HCl weak acid and extracted 
ether. After the extraction the weakly acid solution was adjusted 
strong acid reaction with HCl and then extracted again with ether. The results 
the experiments are shown Table 
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Even the hydrolysis the ethereal extracts under the more severe 
conditions imposed the use 10% perceptible amount 
was observed. 1.36 was used for hydrolysis which was carried for hours. 
1.25 92%, remained after hydrolysis. The elementary compositions (in 
were: before hydrolysis 57.9, 6.5; after hydrolysis, 56.8, 
The residue did not dissolve Schweitzer's reagent. 


Vinylation cellulose butanol. find out the effect 
the acetylene addition reaction, cellulose was vinylated the presence 
butanol. The conditions were the same the water, 


Elementar the Products vinylating Cellulose 
Remarks 
0.1896 0.0572 3.0 6.2 with water and 


alcohol and 
ied 105°, 
ash content 3.2% 


Ethereal extract 
from weakly acic 


lye 


Ethereal extrac 
from strongly 
acid lye 


water and al- 
cohol, and dried 
105°, ash 
content 2.3% 


Ethereal extract 


0.1302 0.3196 {0.0844 66.0 

from weakly 0.2238 67.0 7-5 
lye 

Ethereal extract, 60.1 

from strongly 60.2 


acid lye 


Fibrous product 0.1288 0.2581 54.7 Extracted from 


strongly acid lye 


0.0876 0.1702 52.9 


~ 


heavy portion 
portion 


from lye 0.0934 0.2134 10.0592 62.3 
Theoretical figures for the following vinylation products: 
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Quantity 


| ! 
Fibrous product 
Fibrous product 
IV, floating. 1.2 18.0 8.0 0.022 0.14 
portion 
portion 18.1 2.1 0.036 0.20 


The butanol was distilled off from the reaction mixture after the 
ments, and the vinyl ether was also extracted with ether after the residue had 
been acidified, shown Table The elementary compositions the 


obtained are shown Table 


TABLE 
Expt Weight |Dura- Yield 
fraction 
(in 
cellulose 
Fibrous acid residue 
mass 
weakly acid residue. 
Fibrous Fibrous mass washed 
with alcohol and 


mass 


DISCUSSION THE RESULTS 


The action acetylene cellulose under the conditions the Favorsky 
Shostakovsky reaction, products extracted ether from the acidi- 
fied liquor and fibrous and fibrous product insoluble ether 
alcohol, seen under the microscope composed fragmentary fibers. 


The fibrous product from Expt. III quite closely corresponds elementary 
added residues. 

Expt. III, Found 6.35. 


Calculated 48; 6.29. Fibrous product Expt. IV, 
corresponding composition 1.5 added cellulose unit. 
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Floating product, Found. 


serve 
‘ 


Description |Ash Amount Found No,of hy- 


droxyl groups 


0.0876 0.0600] 65.0] 7.8 


No. tent 


Extract from 
strongly acidi- 
fied lye 


weakly acidi- 0.2680 69.2] 8.4 

fied lye 
Fibrous 0.1998 58.6] 6.8 0.64 OH-group 

washed with wate 0.0960 0.2046 58.7] 6.8 

and alcohol 

fibrous mass 0.1026 0.2482 0.0696 65-9 


Hennion, Killian [14], showed that the presence acid 
catalyst, alkylacetylenes add two molecules monohydric alcohol, forming 
ketals, this reaction proceeding through the intermediate formation the 
corresponding vinyl ethers. Gerstein and Shostakovsky have demonstrated the 
ease addition alcohols vinyl ethers the presence acid 
catalyst, and even the absence any catalyst, under pressure [15]. 


With glycol the addition acetylene the presence acid involves 
the intermediary formation cyclic acetai. 


When KOH used, Favorsky and Shostakovsky found, besides glycol 
divinyl ether, also ethylidene glycol, doubtless result the isomerization 
the initially formed monovinylglycol ether. 


The authors [17] obtained triethylidene mannite the vinylation 
mannite the presence KOH. They also established that the main products 
the reaction were those formed addition acetylene two more 
molecules mannite with the formation crosslinked ethylidene bridge; and 
the addition acetylene two hydroxyls one molecule with the 
cyclic acetals. 


the vinylation cellulose three things may addition 
acetylene one hydroxyl; addition the molecule acetylene two 
hydroxyls adjacent chains, forming ethylidene bridge; and addition 
the molecule acetylene two hydroxyls one and the same with the 
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The second and third cases may occur simultaneously. 


Hone the vinylated celluloses added bromine, and 
groups were not present. Thus the Product can 


addition product according this scheme. 


The fibrous vinylation product Expt. IV, 


The formation this product can occur along one 


. 


The fibrous Expt did not dissolve ether not 
completely hydrolyze, and the hydrolysis residue did not dissolve Schweitzer's 
reegent. This suggests that the vinylation proceeds Scheme III where 
large number cross linked ethylidene bonds are formed. Shorygin and Rymashev- 
skaya [18] obtained the glycerol ethers and showed that the presence ofa 
amount glycerol insoluble product was obtained, 
result the formation cross linked bonds the expense the 
alcoholic groups glycerol, according the 


Exactly the same thing known for polyformals and obtained 
the acetalization polyvinyl ethers lower their solubility water and 
increase their stability [19]. These results likewise support the 
that vinylation proceeds according SchemesII and III. 


true that these conclusions are preliminary ones, since the liter- 
ature, far know, there not sufficient information relative the 
cyclic acetals the ethylidene glycol type, matter which should 
the object further investigation. 


The products vinylation cellulose butanol are, evidently, the 
products the interaction vinyl ethers with butyl alcohol. They were not 
subjected more detailed investigation. 


The ether-soluble products were likewise not investigated more detail; 
doubt they were attacked the polymerization products itself, 
which are obtained heating the latter aqueous alkali, particularly 175°. 
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cellulose more complicated than was supposed Favorsky, 


Patent 486380, III (1938) II, 175 


From the experiments which have carried out evident that the 


Ivanov and Zaitsev. Vinyl ethers were not obtained, but instead products 
the further transformation cellulose, involving the formation acetals 
result addition two adjacent chains, ethylidene bridges, 

cyclic acetals, one the other simultaneously. 


SUMMARY 


result the interaction cellulose and acetylene the 
presence aqueous solution KOH, products are obtained, corresponding 


The structures the vinylation products are discussed. 
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Recently one reported data showing that the specific viscosity 
one and the same acetylcellulose different solvents may vary factor 
gore than the same time the specific gravity the dissolved 
cellulose and its specific volume solution change. 


The specific solution acetylcellulose lower, the 
greater the volume contraction solution and the greater the calculated 
specific gravity the acetylcellulose solution, was suggested 

that the magnitudes and for different acetylcelluloses depend- 

the intensity the interaction the functional (polar) groups 
acetylcellulose (OH and with the polar groups the solvents. The 

stronger this the lower and the larger Avsp and 


another work [2] was when the same secondary acetyl- 
cellulose dissolved mixture two components, one which (or both) 
unable dissolve the given acetylcellulose, but only causes swell, 
considerable decrease and increase are observed. 


increase the interaction acetylcellulose with mixture 
two liquids can explained disocciation the molecule the strongly 
associated, active, the binary mixture; the interaction 
the free polar groups the molecule the non-solvent with the functional 
groups the acetylcellulose thereby increased. 


this paper give the results very much more extended investigation, 


All acetyl-celluloses were obtained from one and the same primary acetyl- 
cellulose, prepared homogeneous acetylation. The solution this acetyl- 
cellulose the acetylating mixture (syrup) was subjected rapid precipi- 
tation order partially the acetyl groups, with 
subsequent precipitation. 


Since all samples obtained from the same syrup 
the precipitation was carried out cautiously temperatures, may 
taken that the molecular weight all the material obtained approximately 
the same, i.e., all the dimensions the macromolecules are 
identical. this way the following acetylcelluloses were 


= 
2 
5 
2 
pial 
t 
7 


3 


These acetylcelluloses vere solvents the usual 


material were measuredin cepillary viscosiueter. 


& 


Table informstion about the solubility Materials 


solvents given, and Tables and data about 
the solutions containing and g/liter 


specific 


Acetone, acetone/ethyl alcohol (85/15), formic acid/water (80/20), 


acetylcellulose molecules all 

experiments was approximately the 
considerable differences 
the measured specific viscosities 
can explained only change 


the form the flexible 


cules solution. 


The data set out earlier 
confirmed that -the specific 
viscosity acetylcellulose 
solution lower, the stronger 
the interaction the polar 
groups the material with those 
the solvent. 


our experiments Acetyl- 
cellulose only contained polar 
acetyl groups the type. 


alcohol .(85/15) and chloride were used solvents. 
Since the chain length the 


TABLE 


Solubility Different Acetylcelluloses 


Solvent 


Acetone 


Acetone/ 
alcohol 
Formic 
water 
Dichlorethane/ 
alcohol 


Methylene 
..... 


Hote: The following signs have been used 
the Table: completey dissolved; 
completely dissolved, traces remain; 


The remaining Acetylcelluloses incompletely soluble; did not 
(II-VI), apart from the (swelled). 
groups, contained 0.275 0.87 
TABLE 
acetyl groups 
Solvent 
Acetone = 0.372 0.346 0.373 = 
Dichlorethane/alcohol ....... 0.2 0.384 


Clement showed, chlorinated hydrocarbons 
only react with acetyl groups mol per residue) 


greatly 


The 
lose 10, and g/liter are not given because they were not 
different those for solutions containing and g/liter. 
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Specific Viscositites Solutions Acetylcellulose. Concentration 


Acetone 
Acetone/alcohol 
Formic acid/water 
Dichlorethane/alcohol .... 
Methylene chloride 

According this author also, the hydroxyl groups secondary 

interact with the groups alcohols fatty acids thus: 


- 


V.N.Nikitin showed that solution secondary nitrocellulose 
alcohol/ether and acetone the groups the cellulose ether react according 


Many authors [5], the difference solubility acetylcelluloses 
with different acetyl mixed solvents acetone/alcohol, 
acetone/water, etc.) also explain the difference behavior the 
the fact that one both types polar groups can interact 
with solvent molecules some extent. 


must also borne mindthat the polar groups acetylcellulose, not 
attracted the solvent molecules, tend interact with one another 


This interaction considerably lowers, general prevents, the solution 


acetylcellulose solvents which one the polar groups (OH remains 
unsolvated the solvent molecules. 


this basis the data about the differences specific viscosity acetyl- 
different solvents can explained. The lower the the 
solution, the more vigorous the process solution, the weaker 
the bonding according Scheme IV, and the stronger the interaction 


-. 
» - -~ 2 9% 
- 
= 
} 


‘ 


the polar groups with the polar groups the 


DISCUSSION THE RESULTS AND CONCLUSIONS 


Methylene chloride interacts with acetyl groups acetylcellulose only 
according Scheme does not react with the hydroxyl groups acetyl- 
Hence only the Triacetylcellulose which does not contain any 
groups can have all its polar groups solvated. the number groups the 


-acetyl cellulose which not interact with increases, the number free 


(non-solvated) polar groups increases and the same way the possibility 
4nter-molecular combination according Scheme increases. The 
acetylcellulose methylene chloride deteriorated the same time and 

the specific viscosity increases those cases where the material goes into 


Acetone interacts both with the acetyl and with the hydroxyl groups 
acetylcellulose, the interaction with the groups containing positively charged 
macromolecule cannot dissolve acetone under the usual conditions because 
the two reactions: 


The second reaction, Scheme IV, occurs greater extent because the larger 


size the macromolecules and their similarity the initial solid substance. 


With increase the quantity groups the acetylcellulose the 
interaction these groups with molecules acetone according Scheme III 
increases and the same time the interaction the groups neighboring 
acetylcellulose macromolecules with one another also increases. account 
the opposing effects these reactions, when the number groups 
the acetylcellulose still small, their interaction with acetone according 


-to Scheme III more important; hence with increase the quantity 


groups acetylcellulose its solubility acetone increases and its viscosity 
solution falls. But with further increase the number the groups 
their with one another (Scheme IV) develops strongly, and the, 


solubility the acetylcellulose once again deteriorates and its viscosity 
increases. 


x 


result the opposite effects Reactions III and IV, the 
acetylcellulose passes through maximum and its viscosity through 
about 56% acetyl group content. 


When alcohol (and water) are added acetone [6], the interaction 
the solvent with the groups the acetylcellulose increases because 
molecules the solvent, containing the polar groups solvate the groups 
the more strongly according Scheme III. Hence, the addition 
alcohols (or water) acetone, while not changing principle the basic 
scheme interaction, displaces the solubility and the viscosity 
acetylcellulose solution the right towards materials with 


lower acetyl (‘he viscosity found graphically corresponds 
ecetylcellulose with 55% acetyl group content.) 
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follows exactly the same course but even more marked degree, 
since neither these liquids can dissolve acetylcellulose. 


The molecule although interacts with the 
groups acetylcellulose according Scheme nevertheless does more 


weakly than does the molecule methylene chloride, because its larger size. 


Eence this interaction cannot oppose the interaction acetyl groups according 
Scheme IV, and when triacetylcellulose treated with dichlorethane the 
cold, only swelling usually observed, and dissolution (acetylcellulose 
the intermolecular according Scheme IV). 


The same things were observed the treatment secondary acetylcellulose 
with alcohol. The more groups there are the material, the more they 
interact with alcohol water according Scheme II: but all the same under 
the usual conditions acetyl cellulose only swells and does not dissolve either 
alcohols water, apparently because the strong association molecules 
the HOR type [2]. But dichlorethane replaced alcohol then 
definite ratio between the and group the acetylcellulose, the 
dissolution the macromolecules not only possible but even very intense 
(specific viscosity the solution very small). 


This can explained the facts that: this process both the 
and the groups react with solvent molecules and the inter- 
action macromolecules with themselves according Scheme less probable; 
and the mixture dichlorethane/alcohol the association the 


molecules diminished and they commence react the more active monomeric 


The interaction acetylcellulose with 80% formic acid somewhat 
different. This solvent brings acetylcellulosesof the most varied acetyl numbers 
into solution (from 49.9 61.4% acetyl group content); the intensity the 
interaction these substances with the solvents approximately the same, 

Since the specific viscosity the solution the different acetylcelluloses 

the same. Thus, solutions different acetylcelluloses formic acid molecules 
solvate the and groups practically the same extent. possible 
that this can explained the duplex character the molecule 


itself, since has two types polar group (CO and OH) and can therefore 
react either with the groups acetylcellulose according the scheme 


with groups according Scheme II. But this interaction considerably 


Weakened both cases because, concentrated aqueous solutions formic acid 
strongly associated the dimeric form, which reacts 


Considerably more weakly with the and groups acetylcellulose. 


also explain the increase viscosity acetylcellulose 


acid. 
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the all these speculations may suggest the possibility 

the fractional separation technical acetylcellulose into fractions 

differing percentage acetyl groups. Thus, for instance the addition 
water alcohol acetone solution acetylcellulose improves the conditions 
for dissolving fractions containing lower percentage acetate groups, and 
worsens the conditions for dissolving fractions containing high proportion 
these groups. Hence the addition water alcohol acetone solution 
acetylcellulose other conditions being the same, should throw down precipitate 

acetylcellulose containing high proportion acetyl groups. Inversely, 
adding this acetone solution methylene chloride, dichlorethane other 


solvents which react only with the groups acetylcellulose precipitate 
which should contain materials with low acetyl number should obtained. 
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The rapid development the chemistry and physics high com- 
pounds has led the production large number new substances, having 
very valuable properties. Different types polyvinylchloride are great 
value the production fibers and films. 


Produced and studied early 1912 the Russian scientist Ostromyslen- 
sky polyvinychloride has drawn the attention different branches 
industry ‘upon itself, thanks its high chemical and bacterial stability, its 


favorable electrical insulating properties and the availability its rew 
materials. 


However, polyvinylchloride dissolves poorly the solvents, which 
makes the production film and fibers from its solutions difficult. was 
found [2] that result the further chlorination polyvinylchloride, 
increasing its chlorine content from 56.5 63-65%, became quite easily. 
soluble ketones, chlorinated hydrocarbons and other common solvents. The 
chlorination performed, tetrachlorethane [2] [3], with 
gaseous chlorine 80-110°. chlorinated polyvinylchloride (Pervinylchloride) 
obtained this way has found wide application the production fibers, 
films, different covering materials, adhesives, etc the light, chemical and 
other industries because combines the properties polyvinylchloride 
with improved solubility. spite this, little work devoted the study 


the composition, and properties pervinylchloride, has been 
reported. 


The present work was directed study the state polymerization 
industrial samples the polymers and the preparation chemically pure 
samples pervinylchloride for further study. 


- 


separate pervinylchloride into fractions used two methods, 


precipitation and fractional solution, the first method already 


Acetone, methylene chloride, and dichlordethane were used 
solvents and methanol, ethanol and butanol were used precipitants. 


all cases the precipitates were gelatinous, but with repeated precipi- 
tations from acetone with methanol they became more compact, which was not 
observed with other combinations solvents and precipitates. Hence, used 
the combination acetone and methanol. 


known that fractional precipitaticn, small concentration the 
high polymer solutions facilitates the separation the substance into 
large number fractions [5]. 


Previous experiments have shown that withan acetone solution whose concen- 
‘tration greater than 10%, the viscosity considerably increased and the 


Communication dealing with the composition, structure and properties 
chlorinated 


the experimental part this work the laboratory workers V.G.Bulimov and 
K.N.Vanyushin participated. 
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uniformity the precipitate worse. Thus 15% solution can only divided 
into three fractions, while from 10% solution six fractions can easily 
obtained. did not take the concentration below 10% because was desired 
operate with the largest weight fraction with the smallest possible volume 
mixture. 


The fractional precipitation was carried out follows: 10% solution 
technical sample the polymer anhydrous acetone, after previous filtra- 
tion through two layers muslin, and through thick copper gauze steel 
tube was introduced into tared wide-mouthed flask, taking precautions against 
loss acetone evaporation. After withdrawing the sample for determining 
the concentration, the solution was weighed and the quantity polymer dissolved 
was determined. mixer, and the end dropping funnel, were inserted 
into the flask and the apparatus for leaks. 


The experiments were carried out room temperature (18-20°). The 
tation given fraction was taken complete when stable turbidity 

The rate addition methanol was adjusted that the time from 
ning end the precipitation the fraction was not more than four hours. 
After the end precipitation the solution was stirred for further one hour. 


ad 
> 


The gelatinous precipitate was allowed stand for 12-18 hours and was 
_then carefully decanted. 


ae 


The fraction for repeated precipitation was dissolved the smallest 
possible quantity acetone, and the solution was gradually added through the 
dropping funnel methanol which was being stirred. The ratio acetone 
methanol after the repeated precipitation was 1:3 (by volume). result 

the reprecipitation white flocculent powdery precipitate was obtained. 


After standing, the mixture was decanted and the precipitate was quantit- 
atively transferred tared porcelain basin, and dried constant weight 
80°. The decanted liquor was evaporated dryness water bath. The weight 
this residue was added the weight the main part the fraction. 


The precipitation the succeeding fractions was made similar manner, 
and was terminated when the ratio methanol acetone solution was 1:3 (by 
volume). After this the decanted liquor was evaporated, result which 
there was obtained later fraction the form resinous brown residue, 


ates 


~ 


Technical samples the polymer were divided into six fractions. 
determine the molecular weight, the specific viscosity 0.2% (by volume) 
solution pervinylchloride ‘determined. The degree 


was calculated from Staudinger's equation which was taken 


Since the extended chlorination polyvinylchloride one atom chlorine 


was for each vinylchloride units; the average molecular weight the unit 


confirm the reproducibilit 
the results, the fractionation one 
polymer was repeated fractional precipitation. Tne data the 
that the method described above ves reproducible results. 
pervinylchloride into fractions also employed 


(acetone/meth 


that described ours. other details the method was similar 


For graphical repres 


and afterwards constructed directly from the experimental oints 
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the Fig. are set out the results one the samples 
polymer the two methods, calculated yield. 


The differential distribution curves show that technical 
pervinylchloride consist basically two parts, one having low molecular 
weight 5000, and one having high molecular weight more than 25,000 
considerable number industrial samples pervinylchloride were examined 
and was found that the character the distribution was all cases the 


order more detailed the chemical composition, the 
chlorine content each fraction was determined the method which 


worked out earlier [6]. addition, the total ash and iron contents 
fractions were determined, (the iron colorimetrically). 


The data Table show that, apart from the difference molecular 
weight between Fractions I-V and VI, they differ chemical composition: the 
low molecular fraction complicated mixture chlorinated aromatic 
pounds formed the polymer after precipitation, the process production. 


The difference between the two heterogenous parts which has been established 
suggests method for the removal the considerable deficiencies pervinyl- 
chloride and articles composed it: the unpleasant smell and the iron 
compounds causing, known, catalytic depolymerization the polyvinyl 
Polymer. One these render the conditions chlorination milder 
order avoid various side reactions. This diminishes the quantity 
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inpurities the polymer and improves its quality. -On the other the 
separation the middle fractions ensures the preparation pure ashless 
samples, for the study the chemical and physico-chemical properties 
pervinylchloride. 


The non-homogeneity composition industrial samples 
chloride polymers has been 


has been shown that the main part the different 
impurities the low molecular fractions, not present the polyvinyl- 
chloride from which was derived. 
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RHEOLOGICAL PROPERTIES VINYLALKYL ETHER POLYMERS 


M.F.Shostakovsky, B.V.Deryagin, and N.N.Zakhavaeva 


Institutes Organic and Physical Chemistry 
the Academy Sciences the U.S.S.R. 
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There are references the rheological properties the polymers 
simple vinyl ethers only the patent literature [1]. present large 
number different polyvinylalkyl ethers have been synthesized, which 
enables comparison made, particularly of. polymers which contain normal 
and iso-alkoxy groups. 


o 


the USSR extremely simple method synthesizing vinyl ethers has 
been worked out Favorsky and Shostakovsky According this method 
simple vinyl ethers are obtained interaction acetylene with alcohol 
and phenol follows: 


The existence sufficient number ethers and rich 
the corresponding polymers permitted make study the rheological 
properties these polymers mineral oils. The investigation showed that 
their viscosity strongly dependent their character and structure. The 
chain length the polymer and its degree branchinghas considerable 
influence its rheological properties. Extremely important also the 
connection between the structure the polymer and its solubility hydro- 
carbons. 


Polymers vinyl-n-butyl ether. For the preparation the polymer, 
vinyl-butyl ether obtained according the method Favorsky and Shostakovsky 
was polmerized the presence ferric chloride catalyst 


The ether used for polymerization should purified from admixed 
butyl alcohol and other contaminants. For this purpose repeatedly washed 
with water, dried over potash other alkali drying agent and then distilled. 
For polymerization the fracticn boiling 94° was taken, having the 


following constants: specific gravity 0.7795; refractive index 
viscosity (Ostwald) 0.4326 centipoises. 


The polymer obtained light yellow, very viscous resin. The product 
dissolves quite well benzene and lubricating oil, even the cold, 


Simple mixing. The solution oil and shows tendency 
separate standing. 


The constants the polymer are follows: Density 0.932; refractive 
index 1.4588. The viscosity 0.1 benzene solution, the concentration 
being calculated the initial molecule, and the viscosity being measured 
20° the Ostwald method, was 0.8722 centipoises and, expressed ratio 
the viscosity benzene, 1.35. The molecular weight the polymer was 
determined cryoscopically benzene, and showed the degree polymerization 


40. The flash point was determined the Brenken method and 
found 208-210°. 


Since the polymer not standard product devoted some time 
determining its constants. 
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The polymer obtained may contaminated with the monomer 
solvent. The flash point and viscosity are quite considerably 
changed the presence the Data relative the change these 


constants are set forth Table 


-- 
-- 


mer with the Original 
Flash point 
(Brenken) 


Constants .of Mixture Pol 


Composition 
mixture 


Density Refractive 
index 


Absolute 
(in centi- 


1.4588 


Pure polymer ... 
90% polymer 


ether... 0.9028 1.4540 180 
lymer ... 
0.8979 1.4463 0.8211 140 


25% polymer ... 
0.8160 1.4160 0.6918 1.07 


Table shows that the flash point, and particular the viscosity 
the benzene solution, can used indexes the purity the polymer. The 
change the viscosity almost directly proportional the concentration 


The polymer dissolves extremely well mineral oils. Even small con- 
centrations polymer the viscosity the oil greatly increased. The 
viscosity temperature curve also improved (viscosity index). The results 
obtained the determination the viscosity and the viscosity indexes 
different samples oil are given Table 


can seen from this table, addition only polymer 
machine mineral oil ccnverts this oil the class winter aviation oil, 
having good ratio viscosities and The action the polymer 
more effective than addition [4]. The details can seen 


Additions different quantities polymer and paraton machine oil 
raise the viscosity index 120, units, the first case and 85, 
only units, the second case. 


That the polymer improves the Viscosity temperature curve the oil 
larger degree than paraton also evident from comparison the corresponding 
values for Autol-10 with addition polymer 10% paraton. 100° 
both samples had approximately the same viscosity, but the viscosity index with 
the polymer was and with paraton 77, 


extremely interesting note that the raising the viscosity 
oil and the improvement its viscosity index depend strongly the degree 
polymerization the sample. Thus, for example, the polymer vinyl-n-butyl 
ether with lower degree polymerization was investigated. The results are 
set out below. 


The sample had the following characteristics; refractive index 1.4564, 
density viscosity 0.1 benzene solution 0.7237 centipoises, 
molecular weight benzene 2170, flash point (Brenken) 210°. 


1210 


¢ 
> 
= 
4 
q 
4 
4 
J 2 
: 
elative 
4 
| 
° 
é 
. 
; 
4 
‘ 
“ 
: 3 
4 
| 
‘ 
| 
4 
| 
| 
| 
: 
4 5 
| 
7 
q 
i = 
= 
| 
4 
q 
got? 
; 
7 
= 
| 
| 
| 
; 
4 
hg 
4 
7 


Viscosity, Kinematic Viscosity 


Machine lubricating ofl 6.25 1.65 0.468 0.0852 
polymer 9.90 2.27 0.743 0.146 120 
ditto 10% polymer 2.90 1.253 0.218 
ditto polymer ......416.13 2.62 1.233 0.178 
ditto polymer ...... 423.10 3.10 1.745 0.223 
ditto polymer 3.58 2.020 0.262 
Spindle (light 
ditto 10% polymer 5.73 1.95 0.431 0.112 


the Effects the Polymer and Paraton the Viscosity oils 


Viscosity, Enger Kinematic viscosity Viscosity 
stokes) 


Sample oil 


Machine 1.65 0.468 
ditto polymer ...... 2.27 
Autol-10 polymer ...... 2.62 
ditto 10% paraton ..... 2.72 


Sample 
ditto polymer 1.91 645 0.12 
ditto polymer 1.99 0.707 0.116 
ditto polymer 2.27 0.859 0.146 100 
ditto 10% polymer 2.45 0.990 0.162 102 


The effects the sample polymer machine ofl were 
investigated. The results obtained for solutions containing different quantities 
polymer are Set out Table 


0.0852 
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added larger quantities attain the viscosity given substances 


the so-called quantitative index lubricating effectiveness 


can seen from Table the substance with lower molecular weight 


with molecular weight about 4000. The viscosity the oil increases 
almost proportionately the quantity added. This correlation correct 


Effect Polymer No.2 Wear the Presence Turbine Oil 

Turbine oil Turbine oil 

mental batch 


Rature oil 


ditto vinyl polymer ...... 
Aviation oil so eee see ee 


The effect additions polymer the setting point the 
also investigated. was found that the introduction high viscosity 
did not affect the setting point but individual cases even lowered 


Effect vinyl oiliness. Under the conditions semi-fluidity 
and boundary friction, contrast friction with complete lubrication 
fluidity, the viscosity and the viscosity temperature relations not determine 
the lubricating action the oil. This action depends the so-called oiliness. 
The oiliness comes into play completely when the lubricating film thin 
that its volumetric mechanical property (viscosity) recedes into the background. 


Thus, estimate the oiliness necessary examine the lubricating 
action thin (boundary) oil films. obtain quantitative measure the 


conditions must measured. 


The determination this index and the method its measurement are 
involved the basic problem the evaluation oiliness. 


The solution this problem corplicated the insufficiency with which 
the phenomena boundary lubrication has been studied, and also their great 


Investigations this important practical problem the Laboratory 
Thin Layers the Institute Physical Chemistry the USSR Academy 
Sciences (Director Prof. Deryagin) have made possible, however, give 
extremely simple and methodical relation, and solution the problem 
evaluating oiliness which accordance with practical findings. 


The bases this index are two: First, the so-called the 
lubricating film measured the time cin which thin lubricating film 
given thickness (order 0.1 its lubricating action under 
the conditions boundary friction. The end the lubricating period 
observed that which the friction Jumps the dry friction level. 
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(More bases this method have been published earlier 
index the wear one the friction surfaces, obtained deter- 
mination the wear sample the presence given sample oil. 


obtain these two complementary indexes, lubricating capacity 
specially simple apparatus constructed Deryagin and 
Lazarev has recently been constructed. this apparatus frictional pair 
formed steel cylinder turning horizontal axis (1440 
and stainless steel wire, the horizontal part which attached 
dynamometer, and the vertical part tensioned weight. The wire 
contact with quadrant the cylinder surface. The total frictional drag 
measured the increase the reading the dynamometer. measure 
the wear the metal the width the track produced wear for 10-minutes 
under weight 2kg taken. During the period wear excess oil 
(thickness about mm) fed around the wire. Inversely, determine the 
the film oil fed the cylinder the form layer 


Besides this, initially, the life the film determined 
apparatus with plane frictional surfaces. (disc and flat sliding block). 
The observations the life the oil film are conveniently represented 
graphically, plotting time from the beginning wear the abscissa and the 
coefficient friction the ordinate. Detailed tribograms clearly indicate 
friction. 


Measurements with the frictional surfaces have carried out 


Fig. Change viscosity Fig. Wear resistance film 
machine oil, pure and containing turbine Friction (in g); 


The following samples vinyl were studied. 


Sample No.1, polymer vinyl-n-butyl ether treated remove low 
Molecular products with sulfuric ether and the polymer 
solution ethyl alcohol; constants: refractive index 1.4574; density 
cryoscopically benzene 3170. 


Sample No.2. The same sample, but subjected second precipitation; 
constants: 1.4583, 0.9302; viscosity benzene solution 8582; mol. 


weight 4220. 
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constants: 1.4570 0.9321, viscosity 
benzene solution 0.8119, molecular 


Sample Polymer ether, 
prepared Sidelkovskaya polymerization 
the vinyl-isobutyl ether with solid 
catalyst; after re-precipitation from 
solution with ethyl alcohol the 
polymer had refractive index 1.4518 

and molecular weight (in benzene) 2250. 


The results the observations 
films turbine oil using plane friction 
tribograms Fig. The tension the with additic 
wire was provided weight 500 g., the 

polymer. Coefficient 


thickness the film was friction; time (in 


conditions experiment were the minutes). Pure oil; 
The load each the two ditto polymer. 
sliding was 1200 the area each 
about The rate rotation (of the 
disc) was 150 The thickness the film was concentration 
polymer 2%. Fig. are shown results obtained under similar conditions 
illustrating the effect addition Polymer No.3 gun oil. 


should noted that each experiment was stopped when coefficient 
friction 0.5 was obtained, before dry friction, corresponding 
coefficient friction about 0.7 was reached order avoid the de- 
terioration the surface associated with friction. 


Fig. turbine ofl, 
pure and with additions. 

time (in minutes). Load 
sliding block 1200 rate 


. 


te 


Fig. Tribograms films pure gun 
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can seen from the graphs presented, all the samples investigated 
raise the life films turbine oil and consequently improve its lubricating 
capacity. should that the lover molecular weight polymer normal 
butyl vinyl ether has smaller effect than the more highly polymerized substance. 
the same time, apparentiy, the oiliness depends strongly the structure 
the initial ether, particular the branching its chains. Thus, 
the polymer vinyl isobutyl ether (Sample No.4) although its 
polymerization was less, nevertheless caused maximum increase 


The tribograms Fig. were obtained with the wire apparatus under 
the following conditions; diameter the working cylinder cm, diameter 
wire 0.27 mm, load the wire 0.5 kg, rate rotation the pulley 
1440 rpm. These data reveal that these conditions considerably larger 
specific load the increase life film turbine oil addition 
polymer was less. 


One the most important indexes oiliness which the present 
time very widely used practice the diminution wear caused lubrication. 


The data given Table indicates the positive effect Polymer No.2 
the wear the presence turbine lubricant. Experiments were 
carried out the wire apparatus DL, which permits the estimation the wear 
from the width the cylinder track. The load the wire was kg, the time 
wear minutes. The diameter the (Fig. 5). 


Thus, these results clearly indicate the effect vinyl polymer 
the diminution the wear metals. 


Polymer vinyloctyl ether. Laboratory examination this substance 
‘showed have valuable properties: apparently even better than the 
other polymers. Only limited quantitative experiments were made 
however, gave extremely interesting results, shown Table 


SUMMARY 


has been shown that the polymers vinyl alkyl ethers 
improve the viscosity temperature curve viscosity indexes). 


solution vinyl alkyl ether polymers been demonstrated. 
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The have been little studied and 
separated from petroleum distillates. 


earlier about the connection between the structure the so-called thiopheno- 
genes and discover petroleum distillates, 3-methyl 4-ethyl- 

thiophene (analog opsopyrrol, ethyl methyl pyrrol) having arrangement 
the methyl and ethyl radicals characteristic 


study samples petroleum from the Urals containing high 
quantity sulfur compounds (Chusov, Ishimbaevsk, Krasnokamsk) showed [1] 
that thiophene compounds, giving the indophenin reaction, are not contained 
such the petroleum but are formed distillation. 


our experiments asphaltenes were precipitated from samples these 
petroleums with petroleum ether, and the filtrate was chromatographed 
gel. From the silica gel colorless oil was extracted, highly viscous 
"heavy with slight smell turpentine the petroleum) and 
mobile "light with kerosene smell (70 75% the petroleum). This 
"light o11", separating the cold, did not give the indophenine réaction 
characteristic for thiophene. Only distillation the and heavy 
150-250° could positive reaction for thiophene quite definitely obtained 
the distillates. was shown earlier that all probability the thiophene 

ompound formed the distillation the samples investigated does not arise 
synthesis, but from breakdown some complex but labile sulfur 


further observed that the distillate oils, obtained chromatographically 
from the samples which investigated, and 
number bitumens, rule the indophenine reaction appeared only those 
cases where the original products (petroleum, bitumen) did not contain porphyrin. 
From this were able deduce possible connection between the structure 
petroleum formation, converted heterocyclic compounds (Yurev) give the. 
sulfur conteining heterocyclic compounds "thiophenogenes® [1]. 


far can judged from the literature, 
has not been described. Hence proceeded synthesize it. Such methyl- 
ethylthiophene, with a-positions,may interest for thé preparation 
polythiophenyl methane, model the thiophene compounds which 
unstable heating. 


The initial substance for the synthesis 
pentanedione-2,3 (I), which was condensed with thiodiglycolic ester (II) 
the dicarboxylic acid (III) and the latter was con- 
verted 
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The method for synthesis substituted proposed 
for obtaining phenylated thiophenes was selected Unsymmetrical 
disubstituted thiophenes have far not been synthesized, but there 
doubt that the synthesis this and other thiophenes 
can out this method. 


- 


and forms complex with mercuric acetate. the pure form has character- 
istic, pleasant aromatic odor. boils 165-166° and, would expected, 
this b.p. agrees with the b.p. the corresponding aromatic hydrocarbon 
(165°). 


-ethylthiovhenes 


156-7 
160-161.5 [3] 

159.8-160.4 

162-164 


can seen from the Table, has the highest 


and all the methyl-ethylthiophenes described the literature. 


EXPERIMENTAL 


dissolved 300 absolute alcohol, with strong cooling, and this 
solution sodium ethylate was added mixture thiodiglycolic ether 
(with b.p. 259 260° [5]) and pentanedione-2,3 (with b.p. 
108° [6]). The brown reaction mixture was left stand for hours 
temperature Afterwards, water was added the mixture dissolve 
the precipitate. The excess alcohol was distilled off, and the mixtures were 
acidified with HCl. standing, flocculent acid 
separated out. The product was filtered off and dried dessicator. The 
yield was 7.5 20% theory. The microcrystalline powder was yellow 
light brown. did have definite melting point, but heating 


darkened and decomposed. product was converted thiophene 
without purification. 


dicarboxylic acid was dissolved with soda lime, heated with flame 
small retort.or bent test tube, result which yellow oily liquid 
and water distilled off. The liquid was separated from the water, dried over 
chloride and redistilled. After double redistillation through 


fractionating column, (62% theory) substance with b.p. 165- was 
obtained. 


Found: 39.26; 307.7 


0.1237 substance: 14.630 benzene; 0.345°. 
Found 125.0 
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Calculated: 


Calculated 


2016 
25.63, 25.87 


was added dropwise aqueous solution of,mercuric acetate. The 
mixture was boiled for few minutes, after which white curdy precipitate 
the mercuric acetate complex came down. The precipitate was filtered off, 
carefully washed with water and re-crystallized from acetic acid. 
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ANALYSIS THE COPOLYMERS METHYL METHACRYLATE 


The direct analysis methyl and allyl methacrylate copolymers beset 
number difficulties, because their similarity chemical properties. 
While the original monomers differ degree unsaturation, this difference 

practically absent the polymerization products. Hence impossible 
analyze copolymer determination the bromine number. Determination 
the alkoxyl numbers, following Zeisel and others, though has found 

some application for the investigation styrene and methylmethacrylate 
copolymers [1] and cellulose and starch ethers [2], has the inconvenience 
that hydriodic acid can act the copolymer methyl and allyl 
forming, beside methyl allyl its derivatives. 


The methods described the literature for the analysis copolymers, 
based the determination their content element (chlorine [3], 
nitrogen etc.), present one the monomers but not present the 
other (for example the copolymer vinyl chloride and methyl 
likewise inapplicable here. 


The determination copolymer the the functional 
groups one the monomers elementary composition, can likewise not 
applied, since both methyl and allyl methacrylates are esters and not 
differ sufficiently elementary composition. Mayo and Leuris [5] used the 
analysis the elementary composition for investigating the copolymers 
Styrene and methyl methacrylate, which the difference hydrogen content 
between the pure polystyrene and the pure polymethylmethacrylate 92.22 
59.72 The difference hydrogen content between methyl and 
methacrylates only 66.66 6.66%, while the difference oxygen 
content 25.39 6.61%, and the hydrogen content the two monomers 
practically identical, within the limits accuracy analysis and 
this added the fact that small error the determination the 
hydrogen content leads large error the determination the copolymer 
composition, even when the difference hydrogen contents relatively 
large, becomes clear that the use such method for the analysis our 
copolymers would lead extremely inaccurate results. 


e 


Communication dealing with the methyl methacrylate 
with esters unsaturated alcohols and methacrylic acid. 
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copolymer, and led develop method which the copolymer itself was 
analyzed but the mixture unreacted monomers. Comparison the 
results analyzing this mixture and the mixture the initial monomers 
provides basis for calculating the composition the copolymer. 


EXPERIMENTAL 

the mixture monomers from the polymer. After carrying 
the polymerization the desired stage, the process was stopped rapid 
cooling, and the mixture monomers distilled off under pressure about 
1-2 room temperature. extracting the last traces monomers, 
the temperature the end the process was taken first 100° and 
then 150°. Confirmatory experiments with solution the copolymer 
the monomers, the presence benzoyl peroxide, showed that under 
these conditions the monomers distil off practically quantitatively and 
not polymerize further. The distillation was taken finished when the 
weight monomer did not the place between two successive 


weighings. 
The distilled monomers were condensed U-tube immersed 
air, from whence they were transferred quantitatively flask for analysis. 


Analysis the mixture monomers bromine number. Since the 


bromine methyl and allyl methacrylates differ considerably from 
one another (the theoretical figures are 159.6 and 263), the bromine number 

i 


the monomer mixture can serve the basis for determination the initial 
final ratio the monomers, and consequently the the 
copolymer. 


methyl methacrylate, freshly distilled 99-100°. The analyses were made 
with bromide-bromate solution and with solutions bromine chloroforn. 


Apart from this, analyses were made with solutions bromine 
chlorobenzene. This method was interest since chlorobenzene less 
volatile than chloroform, and the rate addition bromine allyl 
benzoate somewhat greater for chlorobenzene than for chloroform 


For the bromide-bromate method, the usual solution was 
used containing 5.568 potessium bromate and potassium 
bromide per liter solution. The chloroform solution contained 44.5 
bromine and the chlorobenzene solution 76.5 bromine/liter. After 
adding the bromine solution the weighed monomer (in the bromide-bromate 
method), strong was added for every bromide-bromate 
solution), the mixture was stood the dark for hours, after which 
solution potassium was introduced and the mixture was titrated 
with thiosulfate (titer 0.0427). 


The analytical results are set forth Table 


Results nearest the truth were obtained, can seen from Table 


e 


1222 


decide the accuracy different methods determining bromine 
series comparative analyses were carried out with one and the same sample 


| 
— 
a = 
7} 
‘ 
- 
iii 
— j 
4 
a 
3 
H 
| 
J 
‘ 


Nos. and vith chlorobenzene solution; but with increase 
(Experiments Nos. and 10) the bromine number was considerably 
lovered. Increase the time standing, from hours (Experiments 
Hos. and 12) did not improve the results. all cases (excluding Experi- 
ments Nos. and the deviation the bromine numbers from the 
cal was large and the reproducibility was 


TABIE 


Results the Determination Bromine Numbers 


Method analysis 


154 

2 150 

151.5 
150 

Bromine chlorobenzene...... 155.5 
Bromine chlorobenzene...... 156 


check the chlorobenzene method the given mixture monomers also 
gave large deviations. Thus, analysis mixture 
mination bromine appears useless. 


analyze the mixture monomers determining the number 
mixture likewise gave unsatisfactory results. The were the order 
10%, relative the quantity monomers taken. 


Analysis the mixture monomers determirstion the allyl 


obtained saponification allyl methacrylate. Ailyl alcohol, distinction 
from allyl esters, adds bromine very rapidly. Therefore there need for 


the extended period interaction after addition bromide-bromate solution; 
the titration may made even minute after its addition. With such short 
period interaction all danger bromination This method 
determining allyl alcohol very accurate. Hatch and Estes [8] report that 
the error the determination allyl alcohol this manner does not exceed 
0.07%. the mixture allyl and methyl methacrylates this method made 
more convenient the fact that the bromine number single substance and 
not mixture determined, which considerably the 
accuracy. 


The mixture methyl and methacrylates was analyzed follows: 
weighed quantity the monomer the given composition was boiled with 
excess alcoholic alkali (titer 0.0353).for two hous under reflux. The mix- 
ture was diluted with equal volume water and alcohol, formed sapon- 
{fication, was distilled off together with the water. The distillation was 
carried until dry residue was formed the decrease the loss 
alcohol the receiver, distilled water was added before dis- 
tillation and the receiver was cooled with water well. Control experiments 


Expt. No. Weight 
eight monomer Bromine 
1223 


showed that cooling with ice was unnecessary. Allyl alcohol the distillate 
was determined the bromide-bromate method was calculated allyl methacry- 
late. 


The results some typical analyses are given Table 


P 


can seen the deviations between the monomer quoted are 
not large and are quite acceptable. 


, 
. . 


Simultaneous with the determination the allyl methacrylate, attempted 

determine the quantity methyl methacrylate from the consumption alkali 

the saponification the mixture. this the dry residue, remaining the 

flask after distillation, was dissolved water and titrated with 0.1 HCl, 

using phenolphthalein indicator. Calculating, from the total consumption 

alkali, the quantity required for saponification allyl quantity 

which had been calculated from the analysis mentioned above) should obtain. 

the alkali the saponification methyl methacrylate and conse- 

quently the quantity this material. The divergences obtained this way are 
quite large, can seen from Table 


Composition the Allyl methacrylate Methyl found 
Allyl metha- Methyl metha- 
0.312 0.310 0.538 
0.509 


SUMMARY 


has been shown that impossible analyse copolymers 
allyl methacrylates determining the unreacted allyl allyl alco- 
hol. 
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Drinberg, Sh. Golant and Goldfarb 


. 


Leningrad Lensoviet Technological Institute 


linking unsaturated monomeric compounds [1] and also unsaturated linear 


Rutovsky and Shur [3]. 


for those substances which have double bonds their chains. Thus, for ex- 

ample, Tugov and [4] established that, the presence ben- 
zoyl peroxide, sodium butadiene rubber polymerizes follows: 


spatial structure with oxygen bridges linking separate chains, course 
which loses its elasticity and ages. 


mospheric oxygen. 


- 


The reaction between saturated linear polymers has not been much studied. 
Becker [7] and Biggs [8] cross-linked linear polymers condensation resins 
the presence benzoyl peroxide 150-200°. The authors suggested that 
the benzoyl peroxide decomposes temperatures above 105°, forming free 
Tadicals which activate the saturated ester chains. The combination two 
ester macromolecules occurs through the a-carbon 


Communication dealing with the spatial transformation saturated 
linear 


Published papers, the have with the question the cross- 


polymers the rubber type detailed review this work been given 


Dogadkin [5] showed that rubber,when oxidized atmospheric oxygen, forms 


- 
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Becker deduced the following cross-linking stheme: 


- 


» 


This paper deals with the possibility cross-linking films 
saturated linear polymers: polybutylmethacrylate, polyvinychloride, per- 
winylchloride and polythene. 


EXPER IMENTAL 


The had specific viscosity solution toluene, 
0.320-0.350. The tetramethacrylic ester penta- 
erythrite, denoted PM, melted 63-64° and had ester number 545. 


transformation the linear trimeric polymers was followed the 
diminution the quantity soluble fraction, the rise the soften- 
ing temperature, the hardness and other indexes mechanical and electrical 
properties and, for films glass and metal, the increase adhesion. Other 
indexes may also selected. The solubility the polymers was determined 
Soxhlet apparatus, for which the most active solvents were selected beforehand. 
will cone back the study other properties later. 


The previously prepared solutions polymer were: solution poly- 
winylchloride dichlorethane, 10% solution pervinylchloride xylene, 
solution polythene benzene, 30% solution polybutylmethacrylate 


xylene. Thus the was adjusted accordance with its molecular 
weight. 


cross-linking agents, the following were investigated: the 
mplete pentaerythrite ester methacrylic acid; the pentaerythrite ester 
the fatty acids diazoaminobenzene; and benzoyl peroxide. 


The choice these compounds will discussed later paper. 


Transformation the complete ester methacrylic acid 
the polymer has already been described [9]. air, lower tem- 


peratures, this transformation goes through the stage peroxide the 


saturated polymers was observed that, drying, part the saturated polymer 
was also converted the trimeric polymer. 


known that the transformation the pentaerythrite ester the fatty 
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acids flax drying passes, does that drying oils, througha 
peroxide stage [10]; was thought that the presence soaps these 
compounds would also have drying properties. However, investigation did not 
confirm this supposition. this case, apparently, specific 
the acid radicals was involved. must remembered that the average speci- 
fic content reactive groups the fatty acids flax oil three 
smaller than methacrylic acid. 


Diazoaminobenzene was used for cross-linking rubber. was shown that 
even additions 0.25 parts weight changed the properties the film. 
Investigation established that this cross-linking capacity was not effective 
saturated linear polymers temperatures 100-150°. films 
mained soluble. known that benzoyl peroxide has cross-linking capacity 
high temperatures [4, 5]. Preliminary experiments showed that the presence 
benzoyl peroxide considerable part the linear polymer was converted 


The effect the following factors the process cross-linking was 
investigated: temperature, duration reaction, concentration benzoyl peroxide 


the presence benzoyl peroxide the weight The quantity 
insoluble polymer was determined extraction with benzene. The cross- 
linking data are set out Table and Fig. 


Effect Temperature the Process Cross-linking with Benzoyl 
Peroxide 


Temperature 


can seen from Table the quantity insoluble polymer increases 
with increase temperature. This may explained increase the mobile 
activated with increase temperature, which increases the proba- 


Investigations the effect the quantity benzoyl peroxide showed 
that the optimum about benzoyl peroxide the weight linear poly- 


Effect the Quantity Benzoyl Peroxide the Cross-linking 
Polybutylmethacrylate 160-165° 


benzoyl peroxide 


(in 27-28 66-77 75-78 75-80 
The transformation 27-28% the polybutylmethacrylate, the absence 

any benzoyl peroxide, can explained the presence the polymer residues 
benzoyl peroxide added for polymerization the monomer (0.3% introduced). 


order study the effect the duration the process the trans- 
formation the linear polymer, polybutylmethacrylate film with benzoyl per- 
oxide was exposed temperatures for about six hours. The samples 


‘ 
: 


vere extracted vith benzene and the quantity insoluble polymer determined. 


process cross-linking saturated polybutylmethacrylate converted 
polymers with benzoyl peroxide (3%). the duration cross-linking and 
the quantity benzoyl peroxide. 


Polythene; polybutylmethacrylate. time (in hours) and benzoyl 

pendence benzoyl peroxide. 


With increase the duration the the quantity linear polymer 
converted increases. 


Duration the Process 


Duration the process 
(in hours) 


Quantity 


_polymer (in $)...... 


obtained conversion polybutylmethacrylate had low elas- 
ticity. order raise this elasticity the effect plasticizers was studied. 
the same tire the effect plasticizers the conversion the polymer was 
studied, using castor oil, dibutylphthalate, tricresylphosphate. The transforma- 
tion was effected 170-180° and the data are shown Table can seen 
from this table that, the quantity the plasticizer increases, the quantity 
trimer sharply decreases and the plasticity the films increases. poly- 
mers with 10% tricresylphosphate, but with benzoyl peroxide, there was prac- 
tically cross-linking. However, such films are brittle, apparently 


- 


Effect Plasticizer the Cross-linking 
with Benzoyl Peroxide 170-180° for hours 


(in 


Quantity peroxide (in 
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The effect degree polymerization the linear was studied 
polybutylmethacrylate different degrees polymerization. The ccnditions 


Specific 


polymer butyl metha- 
crylate mon- roxide (in polymer 


monomer 


0.12 
90-95 


expense the total same quant- the 
ear polymer (in quantity ity expres- linear polymer 
(cross-linking with sed the content the 


benzoyl peroxide film 
0.12 39.0 23.3 
0.32 50-56 61.5 50.0 
75-84 85.0 67.5 


From Table evident that, the degree polymerization the poly- 
butylmethacrylate increases, the quantity linear polymer converted increases. 
This phenomenon, apparently, explained the great probability collisions 
separate units the longer macromolecular chains, and consequently the 
greater probability cross-linking with the formation trimeric 


SUMMARY 


the insoluble state has been shown. 


the concentration benzoyl peroxide, time reaction and the 
temperature increase, the rate conversion the linear polymer the insoluble 
State increases. 


With increase the concentration plasticizer, the degree conver- 
the insoluble polymer sharply decreases. 


The molecular weight the original linear polymer has large effect 
the conversion. can supposed that, with increase the molecular weight, 
the percentage converted the trimeric polymer increases. 
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CONDITIONS STIMULATING THE FORMATION CARBOXYLIC ACIDS 


Published work the oxidation liquid petroleum hydrocarbons [1] 
indicates that oxidation, the great majority cases, follows several 
different paths. from these the main ones are out, can 
divided into two types: 


those tending towards the formation normal 
acids and ester acids (soluble petrol). 


those which there transition the normal carboxylic acids 
hydroxy compounds different types and into internal esters. 


the present has been impossible avoid obtaining, the 
tion petroleum hydrocarbons, oxidation products resulting from both types 
reaction, which the second type appears predominate over the first. 


The formation different oxygenated compounds can explained above all 
the complex chemical composition the oxidizing hydrocarbons and differ- 
ences their chemical and physical properties. Apart from this, since oxida- 
tion occurs mostly the liquid phase, the substances formed not leave the 
sphere reaction and avoid subjecting them further 
action atmospheric oxygen. 


The result this that the oxidation product obtained, rule, 
mixture different compounds, mainly carboxylic acids and derivatives, 
and ester acids. 


vaseline) the relation between the first and second types acid varies between 
1.4:1 and 3.6:1 [1,2]. ‘Thus, the mixture acids obtained the oxidation 
experiments different investigators, the content the first type 
oxidation product does not exceed 77% particularly successful, but 
ible, cases. 


hydroxy acids seem unavoidably formed the oxidation 
acids and since, account the relatively small knowledge about this 
process, their separation complicated, the mechanism oxidation has for 
long time remained unexplored. 


close study the material, over many years, relative the 
Oxidation liquid petroleum hydrocarbons, came the conclusion that the 
correspondencebetween carboxylic acids and their hydroxy derivatives variable 
can changed changing the conditions the process. Petrov [2] also 
foresaw that the conditions the process are primary importance, 
self-evident how important all the improvements and 
made the first stage production will be, i.e. the elucidation the 
conditions oxidation with corresponding starting 


Much later [3], the study separate factors which affect the oxidation 
liquid petroleun hydrocarbon mixtures, one succeeded finding condit- 
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under which the reaction mainly one with 
tion predominant quantity single type oxidation product (ester 
acids). This allowed draw the conclusion that, since conditions 
ing the formation secondary products oxidation can created, then 
should possible also find those which would stimulate primary reactions, 

acids. (We shall maintain this provisional term acids 
the rest this paper). 


systematic work this direction, the conditions were determined 
which was possible obtain with high acid 
content. 


the present work, aim show, example the oxidation 
kerosene fractions, how the factors affect the direction the along 
the desired path. 


not desirable repeat and describe the elements the process, 
established earlier, which ensure the highest yield carboxylic acid, such 
the degree purification the petroleum hydrocarbon mixture from the aroma- 
tic hydrocarbons contained it, lowering the temperature the process; 
shall exemine here succession the following: the group composition; 

molecular weight the substrate; concentration catalyst; air rate 
through the reactor; and the extent the oxidation and the effect 
withdrawing carboxylic acids formed from the sphere reaction. 


EXPERIMENTAL 


The oxidation the substrate under examination was carried out the 
liquid phase the glass laboratory columns already described [4]. 


experiments were carried out changing one the variables 
time, keeping all the others constant The oxidation any raw material (close 
wide kerosene cuts freed from the main quantity aromatic hydrocarbons) was 
carried out 120° for hours. Such experiment selected 
because they not promote secondary reactions large scale, and thus 
ensure the formation carboxylic acids sufficiently high rete. the 
given temperature and duration the process was easier the 
effect the course oxidation, one other the conditions. 


Group composition the substrate. For studying the effects the group 
composition the starting materjals, oxidized various separate kerosene 
fractions which were nearly identical physical properties (density, molecu- 
lar weight, boiling range, etc.,) and which did not differ from one another 
their group composition (Table 1). 


TABLE 
Effect Group Composition the Raw Material 
Group composition the fraction(in Yield (in wt. Carboxylic 
cyclanes content-in the 


Note: The data were obtained with air rate 
active catalyst concentration 0.05% (on metal). 


. “4 
« 
— 
q 
4 
‘ 
- 
} 
é 
> 
= 
hydrocarbons acids acid mixture 
60.8 
- 
2 
1232 
iil 


the fact that cyclic hydrocarbons oxidize higher 


‘substrate determines, the first place, its physical state during oxidation. 


With increase the content the fraction from which aromatics 
had been eliminated (though not completely), the quantity carboxylic 
obteined oxidation tended general decrease. This can easily 


There doubt, however, that this correlation not always apply, 
(as evident from the table), account the differences chemical 
structure the present the mixture being oxidized, and particular- 
those the cyclic compounds have one or. several long aliphatic 
side chains; such effect shows the presence known amount aromatic 
hydrocarbon, which for several reasons cannot withdrawn from the fraction 


‘Hone the less can taken that quantity acids 
the content the substrate increases. 


Molecular weight the initial raw materials. size the molecule 


Lighter molecules, which are extracted from the substrate stream 
air, are essence not oxidized the liquid but the vapor phase [4]. Hence 
the time contact such molecules with atmospheric oxygen very much shorter 
than that molecules which remain the liquid phase. Decrease the time 
contact turn induces higher rate reaction. 


Effect Moleculer Weight the Fraction. 


Mol.wt. Group composition (in wt. Yield (in wt.%) the] Carboxylic acids 


fraction hydroxy mixed acids (in 
acids acids wt. 

145 61.5 36.0 2.5 2.3 86.3 2.6 

157 65.7 32.15 2.15 4.6 

163 68.3 29.8 1.9 10.8 53.4 16.8 

179 60.9 36.9 2.2 18.7 28.9 49.8 

186 69.4 28.0 2.6 23.5 16.3 59.5 

195 66.1 2.05 31.3 10.7 

215 68.7 28.86 89.4 


For this reason the lighter molecules rapidly oxidize, converting secon- 
dary reaction products, mainly ester acids 


Consequently, the more homogeneous the composition the i.e. 
the more composed physically similar molecules, the more homogeneous 
type will the oxidation products. 


fact, fractions, containing approximately equal quantities 
hydrocarbons one another type, but differing their average molecular 
weight, are oxidized (in Table 2), then will found that the correlation 
fully substantiated. 


the fractions are oxidized under conditions which the possibility 
vapor phase reaction excluded, then different state affairs found, 
the quantitative relationship between the acids formed remains constant 
and does not depend the average mol. wt. 


Since is, practice, extremely eliminate the possibility 
forming vapor phase during the oxidation such hydrocarbon mixtures 
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kerosene fractions, the wt. the latter will always determine the quan- 


Concentration catalyst. has been established that, increase the 
rate the reaction and shorten the time the process, expedient 
use active catalyst. The introduction such catalyst into the substrate 
turn hinders the transformation the primary products into secondary ones. 


any high molecular weight, wide-cut kerosene fraction oxidized under 


(Table 3). 


indicates that, with variation the concentration the active 
catalyst, the direction the oxidation itself varies continuously. 


the optimum conditions for given temperature, the process goes the 
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A 


tions are found which the production hydroxy acids and their esters 
most favored. 


Yield 


ve 


active catalyst ether acids carboxylic carboxylic 

mixture 

0.003 2.8 15.0 333 

0.005 3.0 84.6 309 
0.007 3.0 86.2 311 
0.02 3.0 88.2 300 
0.03 3.6 87.4 275 

0.09 11.2 62.0 261 

0.11 15.2 51.8 


The formation mixtures acids with the maximum carboxylic acids con- 


observed only when small catalyst concentrations are used, and when its con- 
centration increases the carboxylic acids concentration falls sharply. 


this particular case come against typical example the trans- 
formation carboxylic acids hydroxy compounds 


cular weight the substrate and, determines the active oxygen 
concentration. 


but the carboxylic acids content increases, when kerosene fraction any 
composition oxidized (with minimum content those molecules tending 
vapor phase reaction) (Table 4). 


Thus, order oxidize wide-cut kerosene fractions 
their must increased and their boiling range reduced. 


-the conditions, changing only the catalyst concentration, observed 
that the carboxylic acids formed and their indexes vary continuously 


direction producing simpler compounds. extreme cases, catalyst concentra- 


Total quantity wt.of 


tent thus the optimum catalyst concentration, which its turn 
depends the temperature. The largest carboxylic acids content the mixture 


Air rate through the reaction. This factor directly related the mole- 


the air rate not only the reaction rate observed increase, 


The carboxylic acid contents shown Table can only realized such 
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high air rates with some changes the oxidation which the quan- 
tity oxidizing hydrocarbons going into the vapor phase artificially 
lowered. should noted that the air rate which such result obtained 
far the optimum however present number technical 
difficulties prevent from basing the process oxidation 

the optinun air rates. 


ote 
4 


Yield of. Function formed from the sphere reaction. 
the Air Rate the variation the process with 
Air rate through Yield carboxylic time followed, then easily 
acids (in wt. seen that, after time, the quantity 


the total acid carboxylic acids formed the 


mixture gradually falls (Table 5); the 


highest content carboxylic acids 
7.0 80.0 the mixture acids found only 
82.2 the first hour oxidation. Con- 
9.6 even the optimum condi- 
10.5 86.8 tions difficult protect the 
11.7 acids formed against subsequent change. 
12.6 91.0 the carboxylic acids are withdrawn 


from the sphere reaction after 
interval time, (for example 

the unoxidized residual hydrocarbons are allowed 

oxidize, then obtain sharp increase the absolute yield the 

carboxylic acids and their proportion the mixture acids (Table 6). 


TABLE TABLE 
Effect the Duration the Oxidation Effect Withdrawing Carboxylic Acids 
Process from the Sphere Reaction 
Duration Yield (in Yield car- Carbox- 
the acids tion time hydroxy ylic 
(in wt.% process acids 


the total sa- 
acids) 


93-5 
91.8 
89.3 


All this shows that suitable 
choice the oxidation conditions 
extremely high yields 92% 
higher) purity carboxylic acids can 
obtained the kerosene 
fractions. 


conclusion should like 
our thanks Sazanova and 
Zabelina, for executing the practical 
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has been that, creating opti num the 
oxidation kerosene fractions definite group composition, mixture 
acids can obtained which there wt. end more 
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Methods Oxidizing Petroleum and Mineral and the Technical Utilization 
Products Obtained. State Chem (1933). 
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Central Research Institute for Chemistry Wood 


The object this work has been prepare compounds the vinyl type 


=CHX the terpene series and polymerize then 
high molecular products. 


1,3)-heptene-2 (III) polymeric product (IV). 


There 6-9% turpentine derived from fir, obtained 
USSR, and turpentine from spruce. 


EXPERIMENTAL 


our work B-pinene was separated from natural obtained from the 
common fir, and having the following characteristics: 


0.8611; 1.4700; 17.31°; boiling range 158-176°. 


The turpentine was distilled through column, 100 diameter and height 
5-5 filled with Raschig rings, diameter and height with reflux 


The characteristics the fractions obtained are set forth 
Table 


These fractions were redistilled through column diameter 
mn, height filled with diameter turns 1.0 thick aluminium 
Wire, with reflux 12-15. For further work the fractions whose constants 
ére given Table were taken. 
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was obtained, containing 90.2% 
pinene, the oxidation which 
acid (b.p. 125-126°) and 
nopinone. (b.p. 207.2°) were obtained. 


602 condensing with 
paraformaldehyde [1] the alcohol 
6,6-dimethyl-2-ethylol- 

provisionally called was obtained. The paraformaldehyde contained 
93.75% formaldehyde the iodine method), hence the calculations were 
made corresponding enhanced molecular weight all 
after the end the reaction and cooling down the autoclave, small quantity 
gas was released and black sticky deposit remained the surface the 
autoclave extremely small quantity, mostly Experiment No.1 (Table 3), 
when the starting was poorer The reaction product was 
transparent, slightly yellow and had strong smell formaldehyde. was 
washed with water and fractionated 


Characteristics Fractions Obtained Redistillation Turpentine 


a he 


Te 

‘ 


The optimum conditions condensation, can seen Table ares 
temperature 180-200°: 3-fold molecular excess paraformaldehyde relative 
B-pinene; and duration operation six 
TABLE 


Data Condensation B-Pinene with Paraform 


Charge Conditions obtained 
condensation (fraction 


. . 


20-32 


20-32 


with formaldehyde. 


column, diameter and height filled with diameter turns 
aluminum wire thick, and provided with electrical heater, with reflux 


Results Distillation Products from Operations and 


Fraction 


Quantity Temperature Pressure 


Product lst operation 
9.6 108.0-110.5 10° 1.4879 0.9632 
6.3 80-108 1.4820 12.82 0.9304 
108-110.5 1.4873 20.46 0.9646 
110.5-112.0 1.4885 22.28 0.9654 


get purer fraction the alcohol special column was set up, having 
0.75 thick aluminum wire, and with electric heater. The reaction mixtures 
from Operations and were fractionated through this column 6), with 


Results Distillation Products from 3rd and 


Fraction 


Quantity Temperature Pressure 
No. 


108-109.0 0.9614 
109-110.2 0.9649 
110.2-111.5 0.9667 
111.5-114.0 0.9670 


130 150 product boiling above 114° Hg, dark viscous liquid, 
was obtained from two was not investigated further. 


Repeated distillations the fraction boiling 110-111° 
through column set for the distillation nopyl acetate, with reflux 
-heptene-(2). Its constants 


: 
. 
a 


ar 42 


on: ot 


edo ot. 


glycerine external appearance, insoluble water and 


ba 


The molecular weight was determined the depression the freezing point 
benzene: 163.2, 165.4; calc. for 166.15. 


alcohol was thick liquid, colorless and odorless, reminiscent 
ssolving well ether, 


acetone and ethanol. 


TABLE 
Results Distillation Products Operations and 
Fraction Quantity Temperature Pressure 

28.0 108-109.0 1.4878 0.9647 
29.5 110 -110.2 1.4894 0.9669 
23.1 110.2-110.5 1.4898 0.9670 
30.5 110.5-111.0 1.4905 0.9673 
32.2 111.5-112 1.4904 0.9674 
33.5 112 -112.5 1.4901 0.9683 


Preparation 


33.3 Fraction No.5 (Table was treated with 99.5 concentrated 
The mixture was shaken for minutes while being cooled. The upper oily 
layer was Separated, and after days standing crystals began precipitate 
from it. When the was cooled with ice the oily layer was converted 
paste. was sucked out three times and recystallized from petroleum ether. 
Acicular white crystals 1,8-dichloro-7-p-menthanecarbinol were obtained: 


M.p. Chlorine content; Found 29.16%, calculated for 
Preparation nopyl acetate 


Fraction No.4 (Table 5), 150 acetic anhydride, and 
molten sodium acetate were boiled for hour. The reaction mixture was diluted 
with water, the ether separated, dried and fractionated column having 
and height 1.3 filled with glass rings, diameter 3.5 
thickness glass fiber 0.8 reflux number 12-15 and Hg. The 
results the distillation are set forth Table 


TABLE 
Results Distillation Ether 


Quantity Temperature 
(in (in 


114 0.9621 
114-118 
118-118.2 0.9772 
118.2-119 0.9768 


The product boiling above 119° was dark 


Molar MRp: found 59.39;calculated for Sapon. 


Found 268 and 265; calculated for 269. 


Preparation the Acid Phthalate Nopol 


Fraction No.5 (Table whose group content Tserevitinov's 
method was 8.25% (OH content for pure nopol 10.23%), 9.5 phthalic anhydride 
and benzene were heated boiling water bath for hours. The acid 
phthalate the alcohol formed was viscous, not very liquid which 
made its purification very difficult. The ether was saponified with alcoholic 
separated from the alcoholic solution with water, extracted with ether, 
steam distilled and vacuum. alcohol was obtained with 
the constants: 


SUMMARY 


obtained yield 57.8% which, quantitative calculations and structural 
indications, appears derivative a-pinene. Its constants are density 
0.9681; refractive index 1.4935; specific rotation 27.89°; 


The the alcohol was obtained with acetic anhydride and its 
are b.p. 118° (at density 0.9772; refractive index 1.4708 and 
specific rotation with concentrated HCl, white acicular crystals 
with m.p. 74-75° were obtained. 


For the condensation with paraformaldehyde the optimum 
conditions are temperature 3-fold molar excess 
and presence ethyl alcohol. 


J.Am.Chem. Soc., 68, 638 (1946). 


Ber., 32, (1899); Langlois, Ann. Chim., 12, 265 
H.Prins, Chem. Zentr. 168 (1918); III, 1006 423 (1920). 


Received January 20, 1950. 
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served the past, and still partly serve, sources salt. The 
the waters these lakes, their hydrography, the conditions 
feeding them from the reserves salt the soil, and their rational 
industrial exploitation have far not been worked out any detail. 


largest these lakes the Large Mannich, (estuary the 
approximately 800 according other information has length 

‘125 and width 1-10 kn. 


dry years, with continuous strong winds, evaporation small 
quantity water occurs from one end the lake the other, whereby, depend- 
ing upon the strength and direction the wind, and the rapidity with which 
changes direction, the movement the water the leke can very rapid. 
the course few minutes part the area, previously dry, becomes 
covered with water quite considerable depth. just the same way 
expanse, previously occupied water, rapidly. The lake has 
constant course and the movement the water masses solely due the action 
the winds. 


The narrow ravine occupied Lake Gudilo the remainder 
channel which, previous geological epoch, served unite the 
Pontiac sea, then occupying the site now occupied the Black Azov 
with the 


The water the Gudilo highly mineralized that its salt content 
exceeds that the Pacific ocean. This becomes obvious dry period, when 
the water converted saturated salt solution (brine). 


very dry periods parts the lake floor become covered with white 
skin table salt. The floor the lake composed dense salt-containing 
clays, and covered with upper layer ooze). 


EXPERIMENTAL 


have made investigation the brine Lake Gudilo. The brine was 
collected old collaborator the Hydrochemical Institute 
Veselovsky September 15th, 1948. set ourselves the aim elucidating the 
process concentration the natural brine and the separation the solid 
phase evaporation. For this purpose quantities liter the liquor 
were placed crystallizer and evaporated 


Chemical tests were rade follow the change concentration the 
liquor. were analyzed the methods described Kashinsky 
and Slavsky [3], and difference. 


The solid seperated was examined crystallo-optical means and 
chemical analysis. The experimental data ere set forth the 
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Quaternary crystallization 
common salt from lake 
brine. 


During evaporation the sodium 
the soiution remained 
fairly constant concentration; 
the quantity and 
slightly increased. the concen- 
tration the viscosity 
the solution increased considerably, 
and the enu the evaporation the 
brine had reached syrupy consistency 


the data obtained are 

following Janecke, noted that 
variations the the 
‘Lake brine correlates with 
the crystallization paths. The 
path followed the solution 
starts from the 
corner, and proceeds downwards 
the magnesium side diagran 
(Fig. 


The points the 

Figure for the salt liquor during 

evaporation are clustered only 
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pure salt. 


Pure NaCl out the liquor from start the con- 
centration process, close the line joining NaCl astrakanite. The contam- 
ination the table salt with sulfates occurs only when the points for 
liquor approach the point uniting the crystallization chloride with that 

sulfates. With further evaporation the points are directed towards the 
line the triple point astrakanite, epsomite, and halite. The crystal- 
lization line most nearly approaches the line, which corresponds 
the process for obtaining the largest pure salt from the given 
liquor. 


Such method crystallizing NaCl from the liquors Lake Gudilo 
very reminiscent the process crystallizing table salt from the 
liquors lake Yarov (Kulundinskaya steppe) mentioned Makarov 
analogous method crystallizing NaCl from the sulfateless brine Lake 


good quality table salt separated from 800 the liquor 
Lake Gudilo evaporation. the end the evaporation the solid phase 
consisted NaCl having 1/9th the total volume taken, and the sulfate 
concentration was extremely small. 


must concluded from ourresults that table salt high quality 
can obtained from Lake Gudilo not only natural precipitation, has 
been practiced right down our own times, but also 
the solution. 


LITERATURE CITED 
{1] Northern Caucasus and Lower USSR Acad. 
Sci, Moscow-Leningrad, (1946). 
Nature the Rostov Region. Rostov Press (1940). 


and N.Slavsky, Methods Chemical Analysis Salt 
Water and Salt Lakes. State Press (1931). 


Materials for the Physico-chemical Study the Salt 
Lakes the Kulundinsky steppe. Publ. USSR. Acad. Sci, Moscow-Leningrad, 
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EFFECT THE REACTION SOLVENT THE CONDENSATION 


- 


METHYL ETHYL WITH BENZALDEHYDE 


Laboratory the Saratov Medical Institute 


The condensation methyl ethyl ketone can follow two paths, depending 
the solvent through the methyl group the methylene: 


~ - 


However, contradictory opinions ere expressed the literature about the 
effect the the reaction. Thus, for example, Harries and Muller 
noted that acid ketone reacts with benzaldehyde through 
the methylene group, but alkaline solution through the methyl group. 
their book "Organic Shlenk and Bergman [2] say the opposite, 
that acid solution the reaction goes according Scheme (1), and alkali, 


condensing benzaldehyde with methyl ethyl ketone came upon fact 
which contradicts the opinion expressed Shlenk and Bergman. 


our investigation, the compound was formed not 


alkaline but acid solution. demonstrate this made use the fact, 
reported Staermer and Weln [3], that sodium hypochlorite sensitive means 
for detecting ketones this type This oxidant splits ketones 
acid and chloroform according the equation: 


our investigation achieved the same result, replacing sodium hypo- 
chlorite with bleaching powder. this case the oxidation follows the path: 


Thus established that, the condensation benzaldehyde with methyl 
ethyl ketone conducted acid environment, compounds are formed which 

with bleaching powder, chloroform and acid, which can only 
happen the ketone condensed with the formation 


this condensation carried out alkali, the reaction 
Product does not react with bleaching powder. 
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duced into flask with ground stopper, the mixture was cooled and 
saturated with hydrogen chloride (during this operation the temperature rose 

6°). After this the flesk was closed and left stand room temperature 


for The oily product formed was shaken with dilute alkali until the 
acid was completely removed. was then washed several times with water and 
extracted with ether. The ethereal solution was dried with anhydrous sodium 
sulfate, freshly dried, and after removal the ether the residue was distilled 
vacuum. The distillate crystallized large needles, melting 


The product obtained was treated with chloride lime. the 
latter, containing 25% available chlorine, was stirred well porcelain 
basin with 120 water. The mass obtained was transferred Wurtz flask, 
which the finely ground condensation product was added and the 
stopper the flask replaced: this stopper carried stirrer with mercury 
seal. The lead-off tube was connected Liebig condenser. After 15-20 
minutes mixing, the contents the flask were observed heat up. After the 
cessation spontaneous heating, the flask was heated (for about hour) 
water bath order complete the reaction, during which period chloroform 
Slowly distilled off. soon the liberation the latter ceased, the 
heating was discontinued. The residue the flask was filtered through 
Buchner funnel, the acidified with dilute HCl, throwing down 
white precipitate. The latter was separated from the mother liquor and washed 
with water. The mother liquor was well mixed the flask with the material 
the Buchner funnel and was heated for some time. This operation was repeated 
times, until further white precipitate was obtained acidifying the 
filtrate. 


The precipitate separated was recrystallized from mixture 
water with small quantity alcohol, after being filtered through activated 
carbon. 


The analytic data, indicating that the substance obtained was a-methyl- 
-cinnamic acid, were: m.p. 77-78°, mol.wt. 163.5, mol.wt. for 162. 


The analysis the silver salt also confirmed this: 


40.12. 


The condensation ketone with benzaldehyde alkali was 
performed follows: 10.5 benzaldehyde (freshly distilled COs) and 30.3 
the flask were stirred with mechanical stirrer order form emulsion. 
this emulsion 10% NaOH was added gradually and the stirring was 
carried for three days. The contents the flask were then neutralized with 
dilute sulfuric acid and the condensation product was extracted with ether. After 
drying the ethereal extract with freshly dried calcium chloride, the ether was 
distilled off, and the residue distilled under 


The condensation product thus obtained was treated with chloride lime. 
reaction was observed: there was self heating nor liberation chloro- 
form, and the latter was not formed when the mixture was heated 70-80° for 
one hour. 


EXPERIMENTAL 
carried out the condensation methyl ethyl ketone with benzaidehyde 


- 
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The condensation methyl ethyl ketone benzaldehyde the 
presence acid occurs through the methylene group. 


The condensation methyl.ethyl ketone with benzaldehyde 
occurs through the methyl group. 


Harries, Muller, Ber., 35, 966-971 (1902). 


Shlenk and Organic Chemistry, United Sci. Tech. Press, Chem. 
Theor.Press, Leningrad, 300 (1936). 


Weln, Ber., 35, 355% (1902). 


> - 
- > = - 
- ~ ° 
- - - 
- - - ad 
- °. 
— 


- 
- 
<= 
o-? 
4 
1249 


€ 
a 
a 
| 
7 
: 
& 
q 


Dept. Organic Chemistry the Molotov Leningrad Technical Institute 


The main aim those who have investigated the cooking wood with 
organic solvents has been the extraction lignin. The most common organic 
reagents for separating lignin from wood are monohydric aliphatic alcohols, 
dioxane, etc. Frequently HCl iodine are added 


Wood usually cooked sawdust. order investigate lignin Nikitin 
extracted from spruce with dioxane and from larch with ethylene oxide 
Chudakov [4] extracted natural lignin the destructive decomposition 
with methanol. 


Gther very few number, have directed towards 
study the cellulose produced this method. 


investigation has been reported [5], which aspen sawdust was cooked 
with aqueous solutions emulsions alcohols and other organic reagents. 


The opinion has been expressed [6] that, the cooking wood with organic 
solvents, part the solvent combines with the lignin the form 
groups and thus brings into solution 


The indicated method cooking wood with organic solvents 
for two reasons: firstly, because presents the possibility obtaining 
cellulose, apparently improved quality (as result the milder conditions 
cooking), and secondly, because makes possible extract from the 
wood the lignin little changed, which extremely important for the 
further study its structure. 


Bearing these considerations mind, and also the fact that have 
scarcely carried out any such work, thought useful undertake this in- 
vestigation. 


~ 


EXPERIMENTAL 


The investigation was commenced with analysis samples four kinds, 
wood aspen, spruce and fir. The results the analysis are given 
Table these samples were used for cooking. 


Cooking sawdust. Birch and aspen sawdusts were used for cooking. one 
experiments ethylene glycol-water was used cooking agent, and 
another series, ethyl glycol-water (Experiments Nos. Table 2). The con- 
ditions cooking are indicated Table The quantity lignin, pentosans, 
total cellulose and cellulose was determined the mass after cooking, and also 
the hardness, method, and the quantity substance, extractible 
mixture alcohol-benzene. The data are presented Table 


Assuming that the fiber was contaminated the products organic break- 
down and that thus determined enhanced lignin content, the mass was 
extracted with alcohol/benzene. After this lignin content close the true 
One was obtained (Table 3). 


Lab. and took part the experimental 
part this work. 


4 
c 


Since the larch wood with aqueous solution ethyl glycol 
gave positive results, spruce and fir were treated with these reagents under 
similar conditions (Teble Experiments Nos. 8). The experiments were 
not successful. Attempts were made cook fir sawdust, previously 
with ether and-en alcohol/benzene mixture, using mixture butanol and water 
cooking agent. The results were again negative. 


Cooking shavings.The samples used were prepared from aspen and birch 
1.5 0.3 cm) and were cooked with aqueous solution ethyl 
(Table Experiments Nos. 13), using butanol/water mixture 

Experiments Nos 15) and amyl alcohol/water (Experiments Nos. 
The cooking conditions are set out the table, and the analysis the 
Table The mass obtained was different shades dark yellow. 


Fir shavings were also cooked with the butanol/water mixture (Table 4). 
The shavings were not cooked through. The content lignin after the boil 
28.57%.. Previously deresinated fir shavings were thrice cooked fresh 
portions the same cooking agent (Table 4). The results were negative. The 
lignin content the shavings after cooking was 23.11%. With small decrease 
the lignin content there was observed considerable fission the carbon 
part the wood (see Fig.). the majority the experiments the cooking 
performed autoclave, capacity 2.5 liters, electrically heated. 
100 air dry shavings were charged in, and for hardwoods, liter sol- 
vent. experiments with soft woods, and with amyl alcohol, view its 
lower cooking action, the quantity solvent was increased. quantities 
sawdust were 70-100 1.5 liter solvent was introduced. The 
time cooking for hardwoods was hours, and the temperature 155 


After cooking the mass the sawdust was separated from the liquor straining 
through linen bag, and washed with water Buchner funnel; when shavings 


treated they were washed and sorted situ. The fibers were yellowish 
For analysis bleached and unbleached cellulose from wood, the same 


methods were used. 


The lignin content was estimated the TsKAL the determination 
the pentosans the furfurol content the distillate was determined volu- 
metrically (bromine method [7]). cellulose content was determined treat- 
ment the fibers sawdust with mixture alcohol and nitric acid [7]. 
a-Cellulose was determined the standard method, treating the fibers with 
17.5% NaOH. 

Bleaching, analysis and mechanical the bleached mass. Since 
cooking with organic reagents produced yellow experiments the 
bleaching the mass obtained from birch and aspen shavings (Table Experiments 

11, 14, 15, and 19) and the mass from fir shavings wére undertaken 
% 


Experiments with amyl alcohol were executed E.V.Allekseeva and N.A. 
Sitnikova, students the technological faculty the Leningrad Tech. Inst. 


Central Analytical Control Laboratory. 
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3.01 


6.37 


8.1 


11.1 
12.2 


36.2 11.65 


Here and the following tables averaged values are given below the 


= 


The bleaching was carried out with solution 
bleaching powder 37°, the available chlorine 
content the solution being 28.2 g/liter 
After bleaching the soluticn was made acid with 


acid. The bleached mass was white, 


except for that from No.17, which 
remained light yellow. Experiments Nos. 
and 14, the was performed 
one stage, while Experiments Nos. 


After bleaching the mass was washed with 
water and soured with sulfurous acid. The 


ifyin action 
concentration the mass during souring was 


5%, time minutes. (in $); after 


the fibers. after extraction (fir shavings) 


after cooking (birch 
Grinding and mechanical investigation. extraction 
The grinding was performed ball mill. shavings); solvents: 


III pentanol; IV-ethylene 
glycol. 
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6.61 0.29 1.50 49.3 18.6 
Spruce 0.64 1.1 53.06 29.17 
0.58 0.70% 1.00 52.38 29.19 
0.64 0.606 41.3 41.2 
. 
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TABLE 
Yield 
(cellulose) 
Expt mass 
Birch (fine 750 
dust) 100 750 1.5 180 56.6 
dust 100 750 
dust) 
dust) 500 
dust) 
500 
dust)? water 500 


The dusts were extracted before cooking with ether and benzene/alcohol 


were ground 60° for hours. During the grinding samples were periodically 
order determine their degree subdivision Shopper-Rigler 
apparatus. Pressings 4.2 weight were made leaf pressing apparatus. 


Mechanical investigations were made with strips standard Gmensions with 
width The tearing length, the number double foldings, and the 
absorptive capacity were determined the usual methods. 


The pressings obtained had considerable mechanical strength with the 
exception those Experiments Nos. and 19. This can explained the 
fact that the method cooking used for aspen wood was severe. 

Experiments should repeated under milder conditions. The experimental data 
are set out Table 


- 


Liquors. experiments with ethyl glycol and ethylene glycol the liquors 
were homogeneous solutions having brown color from which precipitate came 
down standing. 


with butyl and amyl alcohols the liquors The 
upper were dark and alcoholic; the lower layers were light red and 
aqueous. 


The liquors were not investigated regenerated. 


ES. 
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Hardness 


e 


2.46 


2.9 


Ho. 


TABLE 
Cooking 
Air.dry Conditions cooking Yield 


Temper- (in (in 
ature (in atm) 


37.0 


‘ 


Total 


tes 


Birch 
100 750 43.1 46.6 
water 
spen Anyl 
water 
1.5 


Slightly undercooked fiber. 
Completely cooked fiber. 


Ho. shavings ing (in 
water 750 
500 
1256 


-Amount Total celiulose 


soluble 


13a 

5.19 85.59 
4.18 91.84 

91.73 

4.16 91.84 


- 


Cooking sawdust from hard woods (aspen and birch) with ethylene 
1.6-42. - - ; 


Cooking shavings from woods with ethyl glycol gave yield 
45.6-52.5%, with amyl alcohol 


Removal lignin from fir shavings with butyl alcohol was difficult and 


was accompanied considerable decomposition the carbon part the wood. 


Bleaching with solutions powder improved the quality 


mechanical strength the fibers obtained, the majority 


All the solvents indicated can used for delignification hard 
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